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Natural History of Science & Technology
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Quantifying the Passage of Time
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Quantifying Time — Over Time
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Présentateur
Commentaires de présentation
[Condenses 3 “clock” slides from NIBIB lecture; fly-in (history of science & quantification) on click]
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(chip scale atomic clock:
http://www.nist.gov/public_affairs/releases/miniclock.htm
“The heart of a minuscule atomic clock—believed to be 100 times smaller than any other atomic clock—has been demonstrated by scientists at the Commerce Department’s National Institute of Standards and Technology (NIST), opening the door to atomically precise timekeeping in portable, battery-powered devices for secure wireless communications, more precise navigation and other applications.
Described in the Aug. 30, 2004, issue of Applied Physics Letters, the clock’s inner workings are about the size of a grain of rice (1.5 millimeters on a side and 4 millimeters high), consume less than 75 thousandths of a watt (enabling the clock to be operated on batteries) and are stable to one part in 10 billion, equivalent to gaining or losing just one second every 300 years. 
In addition, this “physics package” could be fabricated and assembled on semiconductor wafers using existing techniques for making micro-electro-mechanical systems (MEMS), offering the potential for low-cost mass production of an atomic clock about the size of a computer chip and permitting easy integration with other electronics. Eventually, the physics package will be integrated with an external oscillator and control circuitry into a finished clock about 1 cubic centimeter in size. 
The new clock is based on the same general idea as other atomic clocks such as the NIST-F1 fountain clock—measuring time by the natural vibrations of cesium atoms, at 9.2 billion “ticks” per second—but uses a different design. In the chip-scale clock, cesium vapor is confined in a sealed cell and probed with light from an equally small infrared laser, which generates two electromagnetic fields. The difference in frequency of these two fields is tuned until it equals the difference between two energy levels of the atoms. The atoms then enter a “dark state” in which they stop absorbing and emitting light; this point defines the natural resonance frequency of cesium. An external oscillator, such as quartz crystal like those found in wristwatches, then can be stabilized against this standard.
The chip-scale clock is less accurate than larger atomic clocks such as fountain clocks. However, the clock’s small size, low power dissipation and potentially low cost make it ideal for a variety of commercial and military applications. Compared to quartz crystal oscillators, the most precise time and frequency references of equivalent size and power, chip-scale atomic clocks potentially offer a 1,000-fold improvement in long-term timing precision.
Chip-scale atomic clocks have many potential uses. In wireless communications devices, these clocks could improve network synchronization and channel selection to enhance security and anti-jamming capabilities. In Global Positioning System (GPS) receivers, small clocks could improve the precision of satellite-based navigation systems such as those used in commercial and military vehicles and emergency response networks. In addition, as atomic clocks get smaller and cheaper and use less power, they could replace quartz crystal oscillators in many common products such as computers, offering several orders of magnitude better time keeping.
The integrated design described in the paper also could be modified to make millimeter-scale magnetic field sensors based on atoms as well as a variety of other miniaturized spectroscopic tools and devices.
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http://www.defenseindustrydaily.com/2005/08/the-gps-constellation-now-and-future/index.php
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Common Factors in Managing and
Supporting Science and Technology

e An economic surplus dedicated to S&T
e A committed political leadership

e Mechanisms of education and selection of
the most talented individuals

e |nstitutions dedicated to the advancement
of S&T

e Not a single approach but common
principles varying from centralized to
decentralized systems 8



Institutional Models

Government funded and operated

— Government Laboratories ( Military research)
Government funded but delegated to semi
autonomous self governing organizations
— Academies of Sciences ( China, Russia)

— CNRS

— Max Planck Society

Government funded but not operated

— NSF, ANR, DFG, UK research councils

Mixed models

— NIH is a hybrid

Philanthropically endowed Institutions: Pasteur,
Rockefeller , Carnegie, Advocacy funding....



Two Fundamental approaches
e The Top Down method:

— Experts and advocates advise funder

— A strategy with priorities is formed

— A program is created, fully funded and
scientists are recruited as employees to
accomplish a predetermined goal

e The Bottom Up method:

— Proposals are initiated by the researchers

— Funding mechanism and independent
competitive review system

— Grants for a limited period but renewable after
review of progress =



SO WHICH IS BEST??

e No simple answer

e Public funders expect results and prefer top
down type of programs for political reasons
but these tend to become obsolete and
bureaucratic after a few years

e Science advances rapidly and a more
flexible decentralized bottom up system is
inherently more adaptive but not for large
complex projects

e Most countries adopt a hybrid approach
with different levels of top down and
bottom up ratios ( NIH 30/70- EU 90/10)
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At the frontiers of knowledge we are all ignorant
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[Animation: 2 clicks:
Opens with ocean horizon 
Click 1: “ship with all the bells & whistles”
Click 2: relatively tiny boat
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[Animation: 1 click
Opens, same shoreline; Titanic automatically fades in
Click: Titanic sails off right …]
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[Animation, part 3: ALL AUTOMATED:
Once you open the slide,
The Titanic sails in from the left as the iceberg enters from the right
The two collide, sending off sparks
The titanic sinks
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[Animation: slides 7-9 form a narrative set.
Present slide: 1 click
Opens with boats at shore
Click: boats sail off  …
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An unexpected continent and a small boat …


Exploration Requires a Diversity of Strategies
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La Science de la Science
“managing science”

« Les scientifiques sont fondamentalement des
artistes qui utilisent la méthode scientifique
mais sans que cette methode ne s’applique a
eux »

Il faut fournir in environnement propice mais
comme on ne peut commander un chef
d’'ceuvre a l’artiste on ne peut commander
I’innovation au scientifique
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Vannevar Bush
Resistance to New Knowledge

. much of new
knowledge iIs
certain to arouse
opposition because
of iIts tendency to
challenge current
beliefs or
practice.”




GASTROENTEROLOGICAL SOCIETY OF AUSTRALIA

145 Macquarie Street,
SYDNEY. 2000

Telephone 27 3288

17th March, 1983

disease”
Dear Dr. Marshall,

I regret that your research paper was not accepted for presentation on 21sno
the programme of the Annual Scientific Meeting of the Gastroenterological h
Society of Australia to be held in Perth in May, 1983, 3se that

The number of abstracts we receive continues to increase and for this retion
Meeting 67 were submitted and we were able to accept 56.

There were a large mumber of high quality abstracts which made it extremely
difficult to choose those which should be accepted for presentation, and as
you know, this is now done by a National Abstract Selection Committee which
reviews the abstracts without knowledpe of the Authors concemed.

The National Programme Committee would like to thank you for submitting your
work, and would hope that this might be re-submitted in the future, pl;!rhﬂ]:hs
fnllﬂwmg critical review from your colleagues.

My kindest regards,

Yours sincerely,

II’'s gastric

for Terry D. Bolin, - q
Honorary Secretary. r ingesting

Photos: N
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Animated:
Letter enters on click; red underscore appears on letter automatically
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NIH History

1887: Laboratory of Hygiene established;
first Director, Dr. Joseph Kinyoun

1891: Hygiene Laboratory moved to
Washington, D.C

1930: Ransdell Act changed name of Hygienic Laboratory
to National Institute (singular) of Health (NIH)

1937: National Cancer Institute established
with sponsorship by every U. S. Senator



History of International Science at NIH

Science
knows no country,
because knowledge
belongs to humanity,
and Is the torch which
IiHluminates the world.

ﬁ'”‘\._

Joseph Kinyoun, Louis Pasteur (1822 —
MD 1895)

First Director of
NIH

Elias A. Zerhouni,
M.D. Director, NIH


Présentateur
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There is a strong legacy of international science at NIH.  For example, Joseph Kinyoun, the first director of NIH, trained with Koch (http://nobelprize.org/medicine/laureates/1905/koch-bio.html) and Pasteur (http://en.wikipedia.org/wiki/Louis_Pasteur), which undoubtedly played a role in Kinyoun’s studies of bacteriology and public health.    


NIH: A Vision of Hope

" Scientific progress Is one
essential key to our
security as a nation, to
our better health, to more
jobs, to higher standard
of living, and to our

cultural progress."
Science, The Endless Frontier....

: (1945)
Vannevar Bush (1890 —1974)




NIH Mission

Uncover new knowledge that leads to better health
for everyone by:

Conducting research in its own laboratories

Supporting research of non-Federal scientists in
universities, medical schools, hospitals, and research
institutions throughout United States and overseas

Help translate research into medical innovations
Helping train research investigators

Fostering communication of medical information



24 Institutes and 3 centers
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Director, NIH



NIH Resource Allocations

e Budget of 31 billion dollars (over 90% of all
biomedical research) in 24 institutes and 3
centers coordinated by NIH director who is
responsible to Congress and Government

e About 10% for « intramural » laboratories
for 10,000 scientists in 1200 labs

e 5% administration

e 85% extramural funding with over 80% at
120 research universities

e Strict eparation of intramural and
extramural activities 2



The Cornerstones of NIH

e World Class Peer-review Process (Congressionally mandated)
— Independent- Conducted by outside reviewers
— Competitive- ~¥22% get funded

e Scientific and Public Advisory Structure

— Each institute has a statutory council 2/3 scientists and 1/3 public
representatives

— Director NIH is advised by 2 separate committees: Council of public
representatives, and the Advisory Council to the Director
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Review Panel
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Important Characterisitics

All grants are awarded to the principal
Investigator in name.

In addition to the grant, institutions receive
indirect costs ( from 40 to 70% of the grant value
for buildings, utilities and administration)

The grants are fully transferable if the principal
investigator goes to another institution

Consequence: institutions compete for funded
scientists by providing them a supporting
environment

ele)



NIH
and its
Partners
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Partnering with the Private
Sector

If we harness the scientific strengths
and financial resources from the
private & public sectors, the synergy
created will help us improve public
health faster than any single partner
can do alone!



NIH and Congress:

Establishing the Legal Framework for Technology Transfer
And Government-Academia-Industry Partnerships

Bayh-Dole Act of 1980

Allows nonprofit organizations
to retain title to federally-
funded inventions

AT 0 O A '_;""1
0

e Fcderal Technology Transfer
"Act of 1986

Allows Federal Agencies to
conduct joint research with
non-federal partners,
protecting intellectual
property
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Grantee/Contractor institution can elect title to inventions and grant licenses  
Non-profit institution cannot outright agree to assign inventions to a third party (must be       justified and approved by the agency)
 Any license to inventions must be subject to rights reserved by the U.S. Gov’t


NIH and Industry: 533 Active NIH

Cooperative Research

and Development
Agreements (CRADAS)
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Major Provisions of the CRADA authority:
1) NIH may grant in advance an option to an exclusive or nonexclusive commercialization license to a CRADA Subject Invention
2) NIH can accept and use funds from a collaborating party but cannot provide funds to the collaborator; and
3) NIH and the collaborating party can exchange personnel, services, and property under the CRADA.
In consideration for the government’s contributions under the CRADA, the collaborator grants to the government a nonexclusive worldwide license to practice the CRADA Subject Invention or have the invention practiced by or on behalf of the government.



Balanced National
Biomedical Research
Portfolio
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rants by Research Institution
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3,114 New Technologies
Brought to Market

By 185 US Research Institutions (1998-2004)

Funding to Develop Technologies Provided by
Both US Government and Private Industry

4,543 New Companies Formed . ; Bermuda

Around Technologies from
US Research Institutions (1980-2004)

2,671 Companies Still in Operation
as of 12/2004
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Chinical
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New Model

Use All Available Data to Address Problems

Patient-oriented

Population-based Clinical Clinical Research:

Research:

_ e Etiology
Disease definitions Genetics
Natural History \ / Biomarkers
_ Drug Targets
Molecular Etiology;
Key Information for Critical
Go-No Go Decisions
Clinical Trials: / \ Laboratory
To>_<icity Research:
Efflcac_:y Drug Screening
Effectiveness

Target Pathways

Therapeutic Index Optimization
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NOT JUST A LINEAR WORLD; LINEAR MODEL DOES NOT CAPUTRE WHAT REALLY SHOULD HAPPEN


NIH Training and Career Timetable

Approx. Stage of Research _
Training and Development Mechanism of Support

Predoctoral Institutional Training Grant (T32)

Predoctoral Individual NRSA (F31)
Predoctoral Individual MD/PhD NRSA (F30)

Postdoctoral Institutional Training
Grant (132)

Postdoctoral Individual NRSA (F32)

NIH Pathway to Independence (PI1) Award

(K99/R00)
Mentored Research Scientist Development
4 EARLY Award (K01)
Mentored Clinical Scientist Development
Small Grant Award (KO8)
(RO3) o Mentored Patient-Oriented RCDA (K23)
. Mentored Quantitative RCDA (K25
Research Project m Independgnt Sclentist Award((KOg)
Grant (RO1) < % MIDDLE
< Midcareer Investigator Award in
Exploratory/Deve O Patient-Oriented Research (K24)
lopment Grant
(R21)
SENIOR

Senior Scientist Award (K05)



Setting Research Priorities:
Every Voice Counts

Scientific

Researcher _
Review Panel

Congress v‘l

Institute Director Institute

National Advisory
Councils




NIH and the Public:

World Class Peer-
review Process

Independent
Reviewers
CompetitiVe- —~2204
get funded

Wit
Public

Each Institute has a
statutory Council with
1/3 public
representatives




Engaging the Public

NIH Web sites

Public Information Campaigns
NIH Radio

Public Inquiry Response
Newsletters

Exhibits at Health Fairs and Community
Events

Advisory Committee to the Director
Council of Public Representatives (COPR)



NIH Web Sites

NIH Health Informati s

Page

PubMed

Medline Plus

ClinicalTrials.gov

ealth Information

f the Mational Library o II:hmh
1.1.1.11}.11'11 al Institutes of Health

MedlinePlus®

Trusted Health Information for You

ClinicalTrials.gov

A service of the U.S. National Institutes of Health
Developed by the Mational Library of Medicine




Public Outreach Campaigns

W

small steps ™
big rewards
Prevent type 2Diabetes
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Control our
dlabetes .....

OrLife.




Lessons in the politics of innovation

* Tension entre politigues centralisees et
decentralisees-

e Court terme contre long terme.

Recherche fundamentale doit etre protegee

eL’'Importance pour tous les scientifiques de
quitter leur « tours d’ivoire » et communiguer et
developper des relations positives avec les
Instances politigues et sociales de chaque pays

Toujours reserver un pourcentage des
ressources pour larecherche a haut risque et
les nouveaux chercheurs! "
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