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Converging
Technologies

Bioengineering
Nanotechnology
Mechatronics

Pervasive
Computing
Reistad Linli Converging Technaologies 1s an approach to education that prepares our graduates
e to excel in this complex world by balancing specialization in a discipline with

expenence in multi-disciplinary initiatives. It reflects three major trends that drive
our graduates.

First, the body of knowledge within existing disciplines increases dramatically
each year, and this drives Increasing specialization. Second, most innovation
occurs at the intersections of many disciplines, both technical and nontechnical,
and this drves breadth in subject matter. Third, technology has a perasive
influence on society, and all of our graduates need to have a working knowledge of
it, and an understanding of its social implications.

YWe use concrete examples fraom currently important cross-disciplinary fields such
as hiotechnology, nanotechnology, mechatronics and pervasive computing to
teach our graduates how to communicate, work, and think beyond their area of
specialty.

http://www.ct.union.edu
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Bioengineering
Mechatronics

Nanoscience & technology

Neuroscience

Pervasive Computing

Environmental Studies

Arts and Technology
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Buckyball representation.

Courtesy of Daniel T, Colbert, Center
for Nanoscale Science and
Technology, Race University
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The Department of
Brain and Cognitive Sciences

at MIT

search
contact us Inthe Departrment of Brain and Cognitive Sciences at MIT we study the brain and mind as a coherent theme,
working to understand cognition - its processes, and its mechanisms at the level of molecules, nedrons,
networks of neurons, and brain modules, We span a very large range of inguiry into problerms of brain and mind,
and ourwark hridges many different levels of analysis, including molecular and cellular neuroscience, systems
nedroscience, computational neuroscience, cognitive science and cognitive neuroscience. We have a tradition
of outstanding education, research and scholarship, and a clearvision for our future.

Itis widely recognized that neuroscience and cognitive science are going to be the most exciting scientific fields
throughaut the next several decades and important areas of grawth far MIT in the next 10 to 20 vears. We helieve
our Department is uniguely pasitioned ta be the leader in these fields.

Massachusetis Institute of Technology
Department of Brain and Cognitive Sciences
77 Massachusetts Avenue
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Technology .
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Dr. llesanmi Adesida
Center for Nanoscale Science and Technology
University of lllinois at Urbana-Champaign



Implementing CT

Four (plus) working groups; developing courses & programs
(ESC - 016)

External support
(Mellon, NSFx3, IBM, GE, Albany Molecular, SUNYA, AMC)

CT Alumni advisory board
Retreats — S.W.O.T.

Center for Converging Technologies

CT Alumni Board October 11, 2002



Strengths @UNION

Goodwill and positive thinking; high level support

Plan for Union; new LA faculty positions; facilities (some)
Strong Gen Ed program; experience with ID programs (some)
Open campus culture for faculty and students

Good campus resources for student and faculty research
Good geographic location

Disciplinary strength (S or W?)

Strong students, especially in science and engineering

10
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Weaknesses @UNION |

Conflict between traditional disciplines and ID work (FRB)

Ensuring sufficient buy-in from students, faculty (communication)
Funding and support:

number of faculty
space and equipment

Ensuring program quality — both curricular & research
spreading too thin? Sacrifice fundamentals?

CT Alumni Board October 11, 2002 11



Opportunities @UNION W

Alumni base (specific and general)
Funding opportunities — government, private, foundation
Strong external support for ID programs (Newsweek; Chronicle)
Geography (IBM, SUNYA, GE, AMC)
Unique nature of program
“Glory for Union”
Exportable
External collaboration opportunities
Opportunity to teach entrepreneurial skills

CT Alumni Board October 11, 2002 12



Threats

Is CT a fad/intellectually viable?
Expense — programmatic, capital needs
Liberal Arts in the college market
Union’s image to world
Liberal Arts colleges in general
size of Union College

13
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Summary

Biggest opportunity:
e Combination of extraordinary internal and external

iInducements to develop ID-CT programs

Biggest hurdles:
« Developing the administrative structure to support
Interdisciplinary teaching and research, while maintaining
core disciplinary fundamentals
o Securing adequate resources (grants, partnerships)
« Actively involving more people from Hum. & Soc Sci.

CT Alumni Board October 11, 2002 14



News
Business
Sports

Tech « Science
Living

Travel

Health

TV News
Opinions
Weather » Local
Shop@MSNBC
MSN.com

QwestDex =
online yellow pages
Find a Local Business

Newsweek
Next Frontiers

INTRODUCTION
« Fields of Dreams: Mew Job Opportunities

THE NEWEST TECH HELDS
« Nanotechnology: Big Future in Tiny Spaces

e Solar Firms: Bright Light, Big Industry

« Unmanned Aircraft: & Solution to Flight Risk
« Gadgets: Gold in Helping the Old

« The Ultimate Job: Security

« Beyond the Lab in Biotech: Learning From the Past

THE GREAT JOB HUNT: THE NEW RULES 15
« Today, Every Line of Work is High Tech




Summary of Federal Nanotechnology Investment
[$US millions]

Dept/Agency FY 2000 FY 2001 FY 2002
{Rﬂ{]m:st]
Department of Defense 70 110 133
Department ufEnEr_E,}-' 58 93 97
Department of Justice 0 0 .4
Environmental Protection Agency () () 3
NASA 5 20 46
National Institutes of Health 32 39 45
National Institute of Standards 8 1) 17.5
and Technology
National Science Foundation 97 1 50 174
Total 270 422 518.9

Source: National Science Foundation

CT Alumni Board October 11, 2002
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CTHf

CONVERGING TECHNOLOGIES
FOR IMPROVING HUMAN PERFORMANCE

June 2002

CT Alumni - http://itri.loyola.edu/ConvergingTechnologies/




Nanotechnology,
“The Next Industrial Revolution”or. r. siege

100
Nanotechnology

Biotechnology
Solid State Technology

Impact on Society

0 .

1950 1970 1990 2010 2030 2050 2070

Year

«“Seeing an old industry in a new way” 18
Source: tor Wolmgpgoard  October 11, 2002 Phil Jones, V P Technology, Imerys



HYPE OR PARADIGM SHIFT?

asing DEPTH of knowledge

October 11, 2002

estions

19



The basis for the policy is rooted in the significant and rapid changes that have
occurred in the civil engineering profession. Some of these changes include the
following:

o Onset of globalization

o Rapid rise in information technology

) Diversification of society

o Explosion of knowledge & technology in engineering & construction
o Enhanced public awareness and involvement in engineered projects
o Complexity of civil infrastructure systems within the United States

These changes, along with a national trend of reduced credit hours for the
bachelor's degree, have created an untenable situation. Civil engineers are
expected to possess simultaneously greater breadth of capability and
specialized technical competence than that required of previous generations.
With fewer credits in the civil engineering curriculum, it will become increasingly
difficult for civil engineers to do more with less. Enter Policy 465.

CT Alumni Board Octoberdéft RRegEH at Russell@engr.wisc.edu, Stu Walesh at STUWALESH@aol.com or Tom Lenox at tIenox@asce.o?t?.
http://sections.asce.org/indiana/asce_policy 465.htm
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Bio-mimetic Processes Leveraging Bio-Technology

Light interacts with
features similar in size
with its wavelength

Photonics Developing New
Materials to interact

with Light in Precise

Ways

Source: Belcher et al 1999

Inverse

Source: Busch & John 2000

g an old industry in a new way” -
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a) New materials designed to have superior properties (stronger, lighter) using
materials with nanoscale dimensions will lead to faster, cheaper, and safer
transportation.

b) Improved catalysts can reduce or eliminate the emission of pollutants from engines
that lead, for instance, to smog.

c) Miniature sensors and machines will be incorporated in ever increasing numbers
within structures, engines and other components to provide better understanding
of their condition and detect and report early signs of wear.

d) New photonic nanodevices can replace the heavy and costly RF transmission
equipment on board aircraft, ships, or satellites or be exploited for inexpensive
remote control of vehicles.

e) Very small chemical sensors with parts smaller than a human hair can now be
designed to detect trace chemicals with sensitivities far higher than previously
possible.

At Northwestern University a team of scientists, engineers, and transportation experts
has been assembled to work in these areas. Breaking through the traditional
barriers which isolate researchers into particular disciplines, they are
working in research teams to develop new applications of nanotechnology in
transportation as well as move these applications from the laboratory into the

marketplace.

CT Alumni Board October 11, 2002 24



CONVERGING

— TECIN O

The last slide @UNION

 Student and faculty demand
—ask a HS junior what they plan to study in College

e Support

— internal, external; public, private

o Flexibility of ID programs

—takes advantage of Union’s special strengths:
an undergraduate liberal arts college with engineering.

CT Alumni Board October 11, 2002 e



Penn State University

Nanofabrication
Manufacturing

Technology

W Taking the High-Tech Road
& Facilitating Learning

& The Nanofabrication Facility

& FAQs on NMT: The Field and The Program
& Financial Assistance

& Additional Information

CT Alumni Board October 11, 2002
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ALBA

Cctober 10, 2002

e

EVEMTES | it CAREERS COMTACGT :::

centers and proc

Albany Nanotech - Leading the Nanotechnology Revolution

infrastructure and f

[ sesich |

RSITY AT ALBANY

MAEE B i

Lake George, NY,
Septemirer 1113 2002

Albany ManoTech is a global research, development, technology deployment and education resource supporting
accelerated high technology commercialization and job creation through leveraged partnerships between
business, government and academia.

Albany ManoTech comples with Business IncubatarTechnology Accelarator an left, 300 mm
wafer R&D fab in center (both under construction) and exristing 200mm wafer R&D facility an right,

Manotechnology innovations are driving the dramatic growth in the information technology, biomedical and energy
industries,

Albany ManoTech at the University at aAlbany - SUNY serves as an integration point bringing together the
nanoelectronics, nanosystems and nanophotonics technologies that will power the nanotechnology revolution,

Clazsz 10 clean room occupied
with 200 ram wafer metrology
taols,

Center of Excellence in
Manoelectranics iz announced,
[enlarqe]

Micrascan II DUN Stepper
Scanner Photalithagraphy
System
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Fig. 2A—-C Three examples of
prey capture flights. Filled cir-
cles indicate prey positions and
Sfilled circles with tails indicate
dragonfly positions. Arrows in-
dicate prey and dragonfly posi-
tion at the start of the pursuit
flight. Plotting interval.

16.7 ms. A Lewcorrhinia intacta.
Duration of prey capture

flight = 283.3 ms (17 fields).

B L. intacta. Duration of

flight = 216.7 ms (13 fields).

C. Ervihemis simplicicollis. Prey
does not appear on video until
field 5. Dragonfly is moving
away from the camera. Last
view of prey before capture is
field 23. Duration of flight:

400 ms (24 fields)

A, Leucorrhinia intacta

/..,, capture
'l!

-

”.//. '-
.-l
P .
e %= prey position
P % when dragonfly
e takes off
P
—
—
—_ . - .
/‘j.’ prey at field 6 .
_.-r"\ *
‘dragonfly on perch .

Multi-neuronal
encoding of visual
target information to
direct flight in the
dragonfly —

Prof. Rob Olberg

C. Erythemis simplicicollis

ﬂ
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Rob Olberg, Biology

Multi-neuronal encoding of visual target
Information to direct flight in the dragonfly —

Impact on Converging Technologies at Union

NSF funding of this proposal will accelerate and enhance the development
of this new initiative. The students from biology and engineering who
will be brought together to focus their efforts on this project will form a
natural bridge among departments.

Research teams consisting of students and faculty members from different
traditional disciplines, and focused on a common problem, such as the
neural control of interception flight, could become a model for CT in an
undergraduate institution.

($214K NSF 3-year grant began September, 2002)

30
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- Rbecca Wolfe, ’03 Chem major, French minor
Research project: Investigation of Doped Sol-Gels

36
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Alumna observation

.. .on my team of five people (which builds relational databases for
commercial finance end-users), we have one person with a degree mechanical
engineering; one mathematics; one communications; and two economics. So
the trend has actually shifted - at least in our world - to having more people
with diverse academic backgrounds, rather that just the "IT Computer Geeks"
of the past model.

I'm glad to read that your "interdisciplinary approach™ is getting great press
and attention that it deserves. Liberal Arts degrees are sometimes considered
Impractical for the "real world." But When combined with engineering/
computer science courses, they become ever more valuable...and vice versa!

Graduate from the Class of 1996
ID degree, Economics-German
Employed by GE Capital

CT Alumni Board October 11, 2002 37



Science and Technology Literacy

MONDAY, OCTOBER 7, 8PM
THEATRE OF IDEAS

The Dark Side of the Universe
David Helfand

Miller Theatre proudly introduces its newest addition to the
Thaatre of Idezs: a six-evening series featuring some of
Columbia University's top scientizsts, Each evening, a different
diztinguizhed profeszsar will lead the audience through a major
scientific topic, using highly visual presentations and everyday
language, This is a terrific opportunity for the public to
confront zome of Columbia's great minds,

David Helfand
Chair, Department of Astronomy

http://www.columbia.edu/cu/arts/miller/series/ideas.html

CT Alumni Board October 11, 2002
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LOCATION &

HP |CALL & |COURSE |TITLE CARD MEETING TIME INSTRUCTOR
OLIM 115 TTH
09: 155
Cls ESC-016- |Fundarmentals of 10:054K Wicks F
4 002787 |01 Engg W ab QLM 11aT o
10: 15AM-
11:05AR

| Number of students = 20
|Student Mame |Clasa |ﬂ«dvisur Mame |Maj|:|r
|Ag|:|stin|:|, Aaron L |FR |Wi|::ks, F. |Engg Unspecified

|Eh:|3,rer, Michael YW |FR |Wi|:|-cs,F. |Engg Unspecified ES( : - 016

|Davis, Joshua 5 |FR |Wi|::ks, F. |Engg Unspecified
|Dunt|:|n, Robert A |SCI |Lawsnn, . |Engg Unspecified
|Farleg,r, John P |FF! |Wi|:|-c5, F. |Engg Unspecified

Frumess, Bamaby H |50 | [McFadden, T. LA Hurmanities h

|Glmrer, samantha L |FR |Wi|:|-c5, F. |Engg Unspecified
|Hamm|:|nd, Jonathan i |FR |Wi|::ks, F. |Engg Unspecified
|H|:|eﬁner, stephen J |FR |Wi|:|-c5, F. |Engg Unspecified
|LaF!|:|t:|:a, Alaina i |FF! |Wi|:|-c5, F. |Engg Unspecified
|h-'1|:|1‘ﬁtt, Thamas P |FR |Win::ks, F. |Engg Unspecified
|Nea|un, Christopher A |FR |DeEinn|:|, K. |Engg Unspecified
|N|:|nna, Timothy |FR |Wi|::ks, F. |Engg Unspecified

|F'errin, Mathan A |FR |Wi|:|-c5, F. |Eii|:u::hemistr3,r h
|Schu|man, Jerome 5 |FF! |Cenrnne, O.P. |L,-'1'« Sciences h

Simon, Trevar H ‘FR Ml Mathematics h

Miefield, =.

\Spoar, Daniel J FR  Wicks, F.  |Computer Science h

|St|:|ne, Andrew D |FR |Wi|:|-c5, F. |Engg Unspecified
|Waaserman, Robert .J |FF! |Wi|:|-c5, F. |Engg Unspecified

|‘1"|:|st, Kristina A |FR |Heinegg, F. |F'|:|Iiti|::al srience h
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Goals

Breadth
Depth
Literacy

Relevance

CT Alumni Board October 11, 2002
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No. 419:
ELIPHALET NOTT

by John H. Lienhard

...At 31 he was made president of Union College. Religion and
classics were all they taught at Union, but Nott had other ideas,
"Go with Newton," he cried in his inaugural address. "Span the
heavens and number and measure the orbs."

He added scientists to the four-man faculty. ... By 1830, Union

was our third largest college. Only Harvard and Yale were bigger.

Nott started a basic academic reform. He was first to divide the
curriculum. You could now major in either science or classics.
Students flocked to the science program. ...

http://www.uh.edu/engines/epi419.htm
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COLLEGE

-
Chaty 4

MISSION STATEMENT

LInion, a college of liberal arts and engineering, is committed to three basic beliefs about individual
development through learning.

First, the College believes it is obligated to create in students a lifelong commitment to truth and joy
in learning, so that students weave the pursuit of knowledge into the fabric of their lives, and develap
an historical awareness and intellectual integrity that will support a resolve to defend the dignity of
all people.

=ecaond, the College believes that knowledge of the self is an important goal of liberal education, a
goal that 1= best attained as one learns about other cultures and ane's own. Conseguently, we offer
extensive opportunities for study abroad, and curricular and residential experiences that enable
students to see the ways in which they are part of something larger—a community, a culture, and a
world of many cultures.

Third, the College believes that the close relationship between its faculty and students motivates to
learn, as manifested most clearly in undergraduate research and other forms of independent study.
WWe therefore maintain a community of inguiry, discourse, and experiment in which it 15 clear that
schalarship and teaching are parts of a single enterprise. Caonsistent with the belief that professianal
education is best done in the context of liberal arts undertaking, the College supports the oldest
such engineering program in the nation and a selected group of professional programs at the
graduate level.

In many respects, then, Union is distinctive, but in an impoartant sense it i= like other good liberal

arts colleges, with strong departments, staffed by a scholarly faculty with an exacting care for the

students’ accuracy of understanding and for the improvement of their ability to do their wark well.

One corviction underlies life at Union, its common beliefs, and its long hertage: in citizenship as

well as work, a iberal education is the best path to personal fulfillment. 49




Education of Nanoscientists, Nanotechnologists,
and Nanofabrication Technicians

The United States faces the daunting challenge of attracting enough of the best graduate
students to the physical sciences and engineering disciplines. Under present conditions, far
too few good students are attracted to the fields relevant to nanotechnology. To some
extent, this is a problem faced by all of the sciences, but the problem is especially acute for
nanotechnology because a very large number of talented scientists, engineers, and
technicians will be needed to build the nanotechnology industries of the future, and these
professionals will require an interdisciplinary perspective.

Development of nanotechnology will depend upon multidisciplinary teams of highly
trained people with backgrounds in biology, medicine, applied and computational
mathematics, physics, chemistry, and in electrical, chemical, and mechanical
engineering. Team leaders and innovators will probably need expertise in multiple
subsets of these disciplines, and all members of the team will need a general appreciation
of the other members’ fields. Developing a broadly trained and educated workforce
presents a severe challenge to our four-year degree and two-year degree educational
institutions, which favor compartmentalized learning. Because current educational trends
favor specialization, there must be fundamental changes in our educational systems.
However, introducing new degree programs in nanotechnology that provide a shallow
overview of many disciplines, none in sufficient depth to make major contributions, may not
give students the training that is needed to meet the future challenges. The right balance
between specialization and interdisciplinary training needs to be worked out through
innovative demonstration programs and research on the education process and workforce
needs.

CT Alumni Board  October 11, 2002 http://itri.loyola.edu/ConvergingTechnologies/
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