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Vannevar Bush (1890 - 1974)



The Linear Model

Basic research
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Technology Development

Innovation

Technology diffusion



  The Vannevar Bush paradigm

 “Scientific progress on a broad front results from the free play of
free intellects, working on subjects of their own choice, in the
manner dictated by their curiosity for exploration of the
unknown.”

 “It is performed without thought of practical ends.  It results in
general knowledge (which) provides the means for answering
(many) important practical problems, though it may not give a...
specific answer to any one of them.”



The Vannevar Bush Paradigm

 “Scientific progress on a broad front results from the
free play of free intellects, working on subjects of
their own choice, in the manner dictated by their
curiosity for exploration of the unknown.”



Basic research
 Basic research is generally published openly and cooperative

across borders.  It is key to a nation’s technical prestige.

 Most basic research is funded by governments rather than the
private sector.

 Basic research helps a nation’s competitive position through
early initiation of the research-to-innovation process.



The Linear Model

Basic research

Applied research

Technology Development

Innovation

Technology diffusion

(Open, international cooperation,
government-financed)

(Industry sponsored, IP-protected,
international competition)



The Bush-Kilgore debate revisited
 The budget crunch: federal R&D represents about 13% of the

discretionary, non-defense budget.  Can we afford the luxury of the
(Vannevar) Bush approach?

 The U.S. has traditionally supported mission-oriented projects:
 Specific disease efforts: the artificial heart; cancer cures; AIDS
 The semi-conductor industry (SEMATECH)
 Manned space missions (“Without Buck Rogers, there’s no bucks”:

Rep. George Brown)
 Do we need a new strategy for justifying government supported

basic research?



Nanotechnology

Definition: The controlled synthesis of matter at
dimensions of 1 to 100 nanometers* to yield
materials and devices with new properties and new
applications.

*  1 nanometer = 10 ångstroms.  This is the size range at which there
is a transition from individual to collective behavior of atoms
and molecules.
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(~7-8 µm) 
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Fly ash
~ 10-20 µm 

Head of a pin
1-2 mm

Quantum corral of 48 iron atoms on copper surface
positioned one at a time with an STM tip

Corral diameter 14 nm

Human hair
~ 60-120 µm wide

Ant
~ 5 mm

Dust mite

200 µm

ATP synthase

~10 nm diameter
Nanotube electrode

Carbon nanotube
~1.3 nm diameter
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The Challenge

Fabricate and combine
nanoscale building
blocks to make useful
devices, e.g., a
photosynthetic reaction
center with integral
semiconductor storage.
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1 nanometer (nm)

0.01 µm
10 nm
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1 micrometer (µm)
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1,000,000 nanometers = 

Zone plate x-ray “lens”
Outer ring spacing ~35 nm
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The Scale of Things The Scale of Things –– Nanometers and More Nanometers and More

MicroElectroMechanical
(MEMS) devices
10 -100 µm wide

Red blood cells
Pollen grain

Carbon
buckyball

~1 nm
diameter

Self-assembled,
Nature-inspired structure
Many 10s of nm

Atoms of silicon
spacing 0.078 nm

DNA
~2-1/2 nm diameter



















Nanotechnology: new field or new
strategy?

 What makes a new field?

 A shared cluster of technical tools and approaches?

 A related cluster of products?

 A related cluster of applications?

 A related cluster of regulatory challenges?

 The end of the Vannevar Bush era?



Nanotechnology: a grand experiment

If nanotechnology and NNI represent a neo-Bushian
approach to the support of basic science, they could
lead to a sea-change in the federal support
paradigm.  The cautions:
 The danger of overpromising
 The danger of moving too quickly
 The danger of moving too slowly
 The “bad company” effect; lumping all of the technologies in

one basket



The lessons of nuclear power

 The risk of overpromising (“electricity too cheap to
meter”)

 Chernobyl and Three Mile Island (guilt by
association)

 The dominant role of risk perception: the waste
problem

 International contrasts: the ameliorating effect of
need on risk perception (tolerance?): France, Japan
and the U.S.



The lessons of biotechnology: medical
devices

 Social and cultural issues
 Human identity and aversion to “technical invasion”
 Risk assessment vs. risk perception
 Distributional justice
 Personal empowerment

 Institutional/regulatory issues
 The inapplicability of “gatekeeper” approaches to regulation
 New technologies; old institutions: combination devices



The lessons of biotechnology:
recombinant DNA technologies

 Social and cultural issues
 The influence of local culture: the U.S. and Germany
 Contrasting the receptivity to pharmaceuticals with the resistance to

GMO foods: the role of “benefit”?
 The challenge of rational debate on technologically-complex issues

 Regulatory issues
 Regulating process or regulating product; national and international

dimensions
 Positive and negative labelling and product segregation
 Scientific uncertainty and the  “precautionary principle”



ES&H Risks of Nanoscale
Materials

Chemical reactivity of nanoscale materials different
from more macroscopic form, e.g., gold

Vastly increased surface area per unit mass, e.g.,
upwards of 100 m2 per gram

New physical forms of common chemical elements
change properties, e.g. proteins

Do these properties lead to new and unique health
risks …?



ES&H Challenges

No standard nomenclature or material
specifications
Hazard testing not keeping pace with
materials development
No exposure limits
Hype – research and materials called nano to
gain support
Dread – exotic, unfamiliar hazard



Airborne Nanomaterials

PROCESS

Primary
Particles

Aggregates &
Agglomerates

Droplets

Small diameter
(~5 - 30 nm)
High surface area

Deposition
throughout the
respiratory tract
and rapid uptake

High surface area

Typically ~ 100 - 1000
nm in diameter

Deposition in the lung
uptake by immune
system cells

Residue can have
nanostructure
And high surface area

Deposition throughout
the respiratory tract
and gut
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