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ADVERTISEMENT POLICY

An advertisement for a position opening is charged a flat rate of $200. Payment must be done by check to
the order of American Academy of Mechanics or credit card (Visa and MasterCard only) and sent to:
American Academy of Mechanics, Alberto M. Cuitifio, School of Engineering, Rutgers University, 98 Brett
Road, Piscataway, NJ 08854-8058. E-mail: mechanics@soemail.rutgers.edu.

The FID number for AAM is 23-7045163. Announcements for forthcoming events, conferences, and
workshops are free of charge. Advertisements may be sent by FAX or e-mail (MSWord, PDF or plain text).
Logo of the institution may be included if the graphic file is provided.

Mechanics is a bi-monthly magazine. To be considered for publication in forthcoming issues, an
advertisement must be received one month in advance of the publication date. For example, an
advertisement must be received before the end of November to appear in the January-February issue.
Please note that the magazine is distributed near the end of the two-month period. The advertisement will
continue to appear in future issues until the deadline of the position opening.

Visit the AAM website to read recent advertisements of position openings and past issues of Mechanics at
www.AAMech.org.
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SOCIETY ANNOUNCEMENT

The American Academy of Mechanics is pleased to announce the awardees for the Founder’s Prize
and Grant for 2006-2007. These are Mr. Vijay Shilpiekandula of the Massachhusetts Institute of Technology,
for his essay “Progress Through Mechanics: Small-Scale Gaps” and Mr. Patrick Dondl of the California
Institute of Technology, for his essay “Progress Through Mechanics: The Martensitic Phase Transformation.”
Mr. DondlI’s essay is reprinted this month, concluding our presentation of the prize-winning efforts. These essays
will also be made available in the Founder’s Prize and Grant section of the American Academy of Mechanics
website, http:/Amnw.aamech.org/prize.html.

Progress through Mechanics: The Martensitic Phase Transformation

Patrick W. Dondl
Ph.D. Candidate, Applied and Computational Mechanics
California Institute of Technology, Pasadena, CA 91125 USA
Phone: 626-395-4165; Email: pwd@caltech.edu

The shape memory effect that occurs in some metallic alloys has been studied
extensively by materials scientists since its discovery in the 1960s. After undergoing a
plasticity-like deformation, these alloys return to their original shape when heated above a
certain critical temperature. Advances in the understanding of these materials could lead to
practical applications in diverse fields. Common uses of shape memory alloys today, like
artery- or colon stents [11] and even eyeglass frames, utilize the high temperature phase
only, where elastically reversible deformations of up to 6% length difference can be
achieved. Materials exhibiting this shape memory behavior include nickel-titanium alloys
as well as copper-aluminum-nickel and copper-zinc-aluminum. The effect has recently
received much attention as a possible source of actuation in micro electro-mechanical
systems (MEMS) [4], due to the fact that the work output per unit volume of phase-
transforming materials is the largest among possible actuator systems [10].

Micro electro-mechanical systems integrate sensors, electronic circuits and
actuation on a single chip, usually silicon based. For example, an application already in use
today is that of digital light projection displays, where hundreds of mirrors that can be
individually moved are attached to the surface of a silicon wafer. The possibilities range
much further though. Implantable insulin pumps for diabetics are currently under
development. The integration of sensors and microscale pumps in these systems would help
achieve previously impossible accuracy in administering the drug. Currently, there is also
research being conducted on neural prosthetics that directly communicate with nerve cells
by inserting a movable electrode. These applications have one thing in common. They
require strong, highly accurate, and bio-compatible microscale actuators that can easily be
attached and linked to microchips. Electrostatic actuators in current use lack these
properties, however, shape memory materials—Ilike nickeltitanium—could solve the
problem. The idea is to deposit a single crystal film of shape memory material onto a
substrate and add a temperature controlling element to enable interaction with the other
components of the device. A small area of the substrate underneath the film is then
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removed by back-etching to give a free standing thin film of phase-transforming material
that is bonded on all sides. If certain crystallographic conditions are satisfied, the thin film
can be cycled between a flat and a tent like structure, performing as a micro- or nanoscale
pump or valve [6].

Space exploration provides another possible use for phase-transforming martensitic
materials. The challenge is to integrate structure and actuation in order to build large
foldable devices with very low mass. Once the structure is deployed into space, the solar
panels and antennas need to unfold. Shape memory materials could provide the necessary
means of actuation, while afterwards serving as structural parts of the device and providing
stability.

These applications bring many challenges in the field of mechanics. The interplay
of surface and phase boundary energies with complex multi-well strain energies leads to
microstructure. Materials scientists have characterized the various types of such
microstructure, but the use of shape memory alloys as actuators requires more knowledge
about the properties of its evolution. It is not clear, for example, what kinetic law relates the
velocity of a domain boundary between two martensitic variants with the thermodynamic
driving force from loading. Also, the interaction of such domain walls with crystallographic
defects is thought to have great influence on the kinetic parameters of the pseudo-plastic
deformation [2], yet it is not well understood in domains of more than one dimension. The
design of complex structures with highly nonlinear materials also leads to many new
challenges. The tents formed by martensitic thin films [1] can for example be examined
numerically [7]. New and unexpected buckling modes have been discovered in stents made
of nickel-titanium. Foams of shape memory materials are being investigated for their
properties of impact energy absorption.

Microscopically, the shape memory effect is caused by a reversible diffusionless
phase transition, the so-called martensitic phase transformation. The material is
characterized by a low symmetry crystal group in the low-temperature phase, the
martensite, while the high-temperature phase, the austenite, exhibits a higher symmetry.
Without any applied load, there is always more than one stable martensitic phase. These
energetically equivalent variants of martensite are related by the symmetry operations of
the high symmetry phase [3]. In the continuum description, the symmetry properties lead to
a complex energetic landscape, the modeling of which is an interesting problem in its own
right [8].

Consider for example nickel-titanium alloys. The austenite phase is of cubic
crystallographic symmetry, and there are 12 variants of the monoclinic martensitic phase.
Let us assume that in the unstrained original configuration, all variants occupy an
approximately equal volume fraction of the crystal. This situation is called the twinned
state. Under an applied load, however, the variant that is most compatible with the load is
preferred and will increase in volume fraction. This leads to a plastic deformation of the
crystal. After heating the material above the critical temperature, the body returns to its
original shape because now only the single cubic phase is stable. It is this direct coupling of
temperature, crystal structure and macroscopic deformation that is responsible for unique
properties of martensitic materials. Twinning will reoccur upon lowering the temperature
again.



The research on shape memory materials has lead to advances in several other areas
of interest. The knowledge of microstructure and its evolution is vital for the understanding
of plasticity [5]. Ferroelectric materials exhibit a highly nonlinear coupling of the
deformation of a material to an applied electric field and are studied using similar
techniques. The essential nonlinear nature of the phenomena involved in the shape memory
effect also calls for new mathematical methods to investigate the resulting models. The
applications of martensitic materials are not restricted to metallic shape memory alloys.
Complex protein structures undergo the same kind of phase transformation and can be
understood through mechanics [9]. These bio-nano actuators could lead to considerable
advances in medicine. These prospective applications make shape memory materials a very
promising area of research.
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POSITIONS AVAILABLE

Cornell University

School of Civil and
Environmental Engineering

Announces two tenure-track faculty positions in structural engineering starting in Fall 2007-
2008.

At Cornell, structural engineering is conceived of broadly. Thus we are seeking candidates with a
passion for applying fundamental principles of physics, cast within the framework of solid and
structural mechanics, to enable improvements in understanding and design of complex structural
systems in a multi-scale context, and across a range of materials.

In this spirit, two complementary candidates are sought:

1)  High performance materials. Position #00127814 - The successful candidate for position
one is expected to advance the analysis and design of structural systems made of high-
performance materials including concrete structures by integrating structural mechanics with
multi-scale modeling and advanced experimentation. The Cornell NEES site and the newly
renovated Bovay Laboratory Complex will likely be of value to this candidate’s research
program.

2)  Computational mechanics. Position #00141783 - The successful candidate for position two
is expected to have expertise in multi-scale modeling and simulation of materials and
structures with considerable background and interest in uncertainty quantification. The
cyber infrastructure capabilities of the Cornell Theory Center will likely be of value to this
candidate’s research program.

For both positions, additional supporting interests and expertise in areas such as smart and
multifunctional materials, earthquake engineering, risk and reliability, and sensing and structural
health monitoring will be considered. Additional information may be found at
http://www.cee.cornell.edu/

The successful candidates for these positions will seek innovative solution methodologies to
challenging structures problems wherever they may be. Candidates must have a PhD in engineering or
an allied field within the physical sciences.

Appointments at the rank of Assistant Professor are anticipated, but applications from candidates from
all levels are welcomed. Applications will be held in strict confidence. To apply please mail a
detailed resume, statement of professional research and teaching goals, official graduate transcript, and
the names, addresses, e-mail addresses, and phone and fax numbers of at least three references to:

Structural Engineering Search Committee Chair
School of Civil and Environmental Engineering
220 Hollister Hall, Cornell University, Ithaca, New York 14853-3501

In addition, electronic copies of all application materials must be submitted on-line at
http://www.cee.cornell.edu/position_search/ Review of applications will begin immediately and
continue until the position is filled.

The College of Engineering is an equal-opportunity, affirmative-action employer committed to
employing a highly qualified, diverse faculty. Women and minorities are encouraged to apply for
these positions.
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DEPARTMENT OF CIVIL ENGINEERING

Senior Faculty Position in Structural Engineering

Applications for a senior faculty member in structural engineering are being accepted to join a
research-active structural and solid mechanics group. Qualified candidates who demonstrate a
record of scholarly publications, externally funded research, and leadership will be considered
at the tenured Full or Associate Professor level.

Specializations of particular interest include structural systems, optimization, bridge
engineering, fracture and fatigue of metal structures, blast resistant design, structural
reliability, and seismic design. The individual will have demonstrated experience in
developing and directing a program of research in their chosen field of expertise. The goal is
for the individual to lead a balanced program of research at both the fundamental and applied
levels. This individual will have the opportunity to merge the department.s resources with
those of the Virginia Transportation Research Council (VTRC) located on the grounds of
UVA.

Requirements: Candidates must possess an earned Doctorate in Civil Engineering, with a
specialization in structural engineering. Professional registration or ability to become
registered is desirable.

Responsibilities: Teach undergraduate/graduate courses in a contemporary Structural
Engineering and Mechanics program. Establish and maintain an externally funded research
program in collaboration with other members of the group. Support and supervise graduate
students pursuing M.S. and Ph.D. degrees.

Review begins December 1, 2006. Applications will be accepted until position is filled. The
University is committed to building a culturally diverse educational environment. It is
especially interested in candidates who can contribute to the diversity and the excellence of
the academic community through their research, teaching and/or service. Applicants are
requested to include in their cover letter information about how they will further these goals.
Please send complete resume, names, addresses, telephone, fax, and e-mail addresses of three
references to: Dr. Lester A. Hoel, Search Committee Chair and L. A. Lacy Distinguished
Professor of Engineering, Department of Civil Engineering, University of Virginia,
351 McCormick Rd., P.O. Box 400742, Charlottesville, VA 22904-4742.

Applications may also be submitted electronically to mjd-cvl@yvirginia.edu

Additional information about the Department can be found at
http://ce.virginia.edu and http://vtrc.virginiadot.org/

The University of Virginia is an Equal Opportunity/Affirmative Action Employer.
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APPLICATION FOR MEMBERSHIP

Academia Americana de Mecanica e American Academy of Mechanics

Preferred title and full name (please print):

Send mail to: [ ] office [ ] residence (please include both)

Office Address: Residence Address:

Daytime telephone / Fax number / EMAIL address (please note if not used)

/ /

I hereby apply to be admitted as a Member of the American Academy of Mechanics (AAM).

| enclose a copy of my curriculum vitae, and | believe that the work indicated herein qualifies me for
membership in the AAM in conformity with the requirements of Article Il of the Bylaws concerning
membership.

I enclose the current fees as indicated on the following Membership Fees Schedule.

Signature Date

Membership Fees Schedule* (Membership includes a subscription to mechanics)
(Please check the amount enclosed)

Professional Members Student Members Organization Subscription Retired
[ 1 North America $52 [ 1 North America $30 [ 1 Worldwide $100 [ 1 Worldwide $15
[ ] Latin America $30 [ ] Latin America $15
[ 1 All others $52 [ 1 All others $30
/
Visa [ ] MasterCard [ ] No. Exp. Date  Owner of Credit Card (Please Print) Signature

Please mail your (1) completed application, (2) curriculum vitae, and (3) fee payment (please make checks
payable to American Academy of Mechanics) to:

American Academy of Mechanics
ATTN: Liz Montana
Department of Mechanical Engineering
University of California
Santa Barbara, CA 93106
For questions or assistance:
805-893-4459 - - Fax: 805-893-4985 - -email: liz@engineering.ucsb.edu - - - http:/www.aamech.org/

*All Members may pay by either credit card or check, if the check is written in US$ on a US bank. We have had problems
with currency exchange. If you cannot pay in US$ on a US bank, then please pay by credit card.
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