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School of Engineering

Dean: Lester A. Gerhardt (Acting)

Associate Deans: Joe H. Chow (Acting), Richard N. Smith
Director of Core Engineering: Kevin C. Craig

School of Engineering Home Page: http://www.eng.rpi.edu

Rensselaer’s School of Engineering is committed to technological excellence in integrating research and
education and in educating for career success.

Outstanding leadership in innovative and progressive education is a Rensselaer hallmark. Rensselaer is
renowned for producing visionary and versatile technological leaders with a superior reputation for their
global impact. Solidly endowed with the fundamentals of math, science, and engineering as well as
invaluable research, communication, and entrepreneurial expertise, Rensselaer engineering graduates
demonstrate an exceptional propensity for practical application of their knowledge. In addition, the
inclusion of a strong humanities and social sciences component within this broad education and a full
spectrum of activities, both in and out of the classroom, enhance human relations skills and generate a
commitment to ethical behavior and social responsibility.

Highly cognizant of the constant evolution in the field of engineering, Rensselaer is dedicated to
continually enhancing and revitalizing its curricula and facilities. Evidence of this dedication is its initia-
tives in such emerging fields as information technology and biotechnology. Among these are the soon-to-
be-completed biotechnology and interdisciplinary research building, the ongoing attraction of leaders in
these fields to our already excellent engineering faculty, and the development of expanded opportunities
for research within these and other developing fields at both the graduate and undergraduate levels.

Key to promoting such new initiatives, as well as enhancing traditional disciplines, is Rensselaer’s world-
class faculty, all of whom hold the highest attainable degree in their fields. In addition to being actively
engaged in research and teaching, most also keep their finger on the pulse of the world through
consulting or entrepreneurial endeavors.

Especially appealing to Rensselaer’s exceptional faculty and students alike are its superlative laboratories
and facilities that enable them to conduct oustanding research. These include studio classrooms that, in
addition to being equipped with highly advanced interactive learning tools, provide the small
comfortable environment that enhances the School of Engineering’s personalized approach to teaching,
maximizing student interaction among classmates and professors, and encouraging hands-on,
collaborative projects.

Commitment to mobile computing and interactive delivery are also features that distinguish Rensselaer
engineering programs from those at other universities. As noted in the Educational Programs and Resources
section of this catalog, the Institute mandated that all undergraduate students have laptop computers as
of the fall of 2002. This mandate was issued in recognition that the entire world is moving in the
direction of near constant computer access. In addition, the program supports the interactive delivery
initiative, in which lectures are combined with recitation, modeling, simulation, and laboratory
exercises. Unlike the traditional professor-centered straight lecture format, interactive delivery centers on
the students and allows them to interact with each other as well as the instructor. Through these new
programs, students experience greater freedom, are no longer tied to a desk for their computing needs,
and are prepared for what they will find in the real world.
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Teamwork is yet another aspect of real-world engineering that Rensselaer cultivates through both its
coursework and facilities. A prime example is the Institute’s 11,000 square-foot O.T. Swanson
Multidisciplinary Design Laboratory (MDL). This distinctive, first-class facility consists of a state-of-the-
art design space, rapid prototyping and fabrication space, and a system integration space for both mechan-
ical and electrical as well as electromechanical products. Here, students work in cross-disciplinary teams
on a variety of industry- and service organization-sponsored and entrepreneurial projects, all with
practical and real-life applications.

Augmenting the course experience for both undergraduate and graduate students is access to numerous
research centers and computing resources. These include one of the largest Class 100 clean-room
facilities on an academic campus, a 100-ton-g centrifuge, a linear accelerator (LINAC), the Advanced
Manufacturing Laboratories, and the student-faculty shop. Engineering students use extensive
interactive workstation facilities for studies in computer-aided design, analysis, and/or manufacturing.
Taught and researched in the clean-rooms are integrated circuit and interconnect technology. The
centrifuge is used for geotechnical research and is a state-of-the-art facility. The manufacturing
laboratories provide students an opportunity to design and manufacture their own product to realistic
specifications.

Other specialized and more discipline-oriented facilities include laboratories in areas such as fluidization,
heat transfer, biochemical engineering, biomedical engineering, structures, earthquake engineering, image
processing, plasma dynamics, mechatronics, microelectronics, microwaves, electron optics, electrical
machines, electron microscopy and materials characterization, subsonic and supersonic flow, tribology,
viscoelasticity, two-phase flow, mass spectrometry, and ion physics.

Sponsoring both undergraduate and graduate research are a variety of government (federal and state)
agencies as well as private industry. As a result of focusing research on topics of significant commercial
interest, Rensselaer, in relation to other major university engineering programs, has one of the largest frac-
tions of support from private industry.

Rensselaer offers research opportunities in major interdisciplinary research centers, which primarily involve
School of Engineering faculty and students. Among these centers are the Academy for Electronic Media,
Center for Advanced Technology (CAT), the Center for Integrated Electronics (CIE), The Center for
Nanotechnology Research, and the Scientific Computation Research Center (SCOREC). These centers
are interdisciplinary, so that center projects include students from each of several curricula. For example,
in the CIE, students from many departments (e.g., Physics; Materials Science and Engineering; Mechanical,
Aerospace; and Nuclear Engineering; Electrical, Computer, and Systems Engineering; Chemical and
Biological Engineering; and Civil and Environmental) are members of teams that conduct government-
and industry-supported basic and applied research.

Projects currently under way include multilevel interconnects, chemical-mechanical polishing, polymers
for interlevel dielectrics, compound semiconductors, and wireless manufacturing programs that employ
flexible technologies and organizations, as well as improved communications to help solve manufactur-
ing problems. Also world-renowned is SCOREC’s simulation-based engineering approach in which state-
of-the-art computers and numerical models are applied to problems of great societal need.

In addition to the major Institute centers, the School of Engineering conducts research in its own
multidisciplinary centers. These include the Center for Infrastructure and Transportation Studies, the
Center for Image Processing Research, and the Center for Multiphase Research. At the department level,
the School offers seven additional centers: the Bioseparations Research Center, the Center for Services
Research and Education, the Statistical Consulting Research Center, the Center for Glass Science and
Technology, the Geotechnical Centrifuge Research Center, and the Flexible Manufacturing Center.
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Substantial Rensselaer research is also conducted outside these major centers, some involving
multiuniversity collaboration. These research centers complement the following seven academic
departments: Biomedical Engineering; Chemical and Biological Engineering; Civil and Environmental
Engineering; Decision Sciences and Engineering Systems; Electrical, Computer, and Systems Engineering;
Materials Science and Engineering; and Mechanical, Aerospace, and Nuclear Engineering.

All departments offer both undergraduate and graduate curricula and degree programs in their fields.

Degrees Offered and
Associated Departments

Aeronautical Engineering

Biomedical Engineering

Chemical Engineering

Civil Engineering

Computer Systems Engineering
Decision Sciences and Engineering Systems
Electric Power Engineering

Electrical Engineering

Engineering Physics

Environmental Engineering

Industrial and Management Engineering
Manufacturing Systems Engineering
Materials Engineering

Mechanical Engineering

Mechanics

Nuclear Engineering

Nuclear Engineering and Science
Operations Research and Statistics
Transportation Engineering

Mechanical, Aerospace, and Nuclear Engineering
Biomedical Engineering

Chemical and Biological Engineering

Civil and Environmental Engineering

Electrical, Computer Systems Engineering
Decision Sciences and Engineering Systems
Electrical, Computer, and Systems Engineering
Electrical, Computer, and Systems Engineering
Mechanical, Aerospace, and Nuclear Engineering
Civil and Environmental Engineering

Decision Sciences and Engineering Systems
Decision Sciences and Engineering Systems
Materials Science and Engineering

Mechanical, Aerospace, and Nuclear Engineering
Mechanical Aerospace, and Nuclear Engineering
Mechanical, Aerospace, and Nuclear Engineering
Mechanical, Aerospace, and Nuclear Engineering
Decision Sciences and Engineering Systems

Civil and Environmental Engineering

Overview of Undergraduate Programs

Baccalaureate Program

In general, the Bachelor of Science program is intended for students seeking careers in engineering-
related areas or as a basis for advanced study in fields other than engineering. To obtain a B.S. in an
engineering field, students must fulfill the general requirements listed in the Academic Information and
Regulations section of this catalog and satisfactorily complete the prescribed engineering curriculum.
Certain courses, such as one-credit-hour nonengineering courses graded on a satisfactory/unsatisfactory
basis or more than six credit hours of ROTC courses, cannot be applied toward the degree requirements.
Also noteworthy is that courses in accounting, industrial management, finance, entrepreneurship, and
personnel administration that are offered by the School of Management, as well as ROTC courses, will
not satisfy the humanities and social sciences requirement, but may be taken as free electives.

Although many students enter at the freshman level and achieve all their education objectives at
Rensselaer, a significant number find it accommodating and advantageous to enter at intermediate
levels. Entrance into the engineering program is particularly attractive to graduates of two-year colleges.
All such students enter with advanced standing and credit according to their credentials.
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Professional Program

For most students, specialization and determination of the degree program that matches their individual
career goals takes place during the third year. At this point, a student may pursue either a fourth year for
their Bachelor of Science (B.S.) degree in an engineering specialty or, if accepted by the Office of Graduate
Education for the professional program, undertake a coherent program integrating advanced undergr
aduate and graduate study leading to the Master of Engineering (M.Eng.) degree in a specific field, and
receiving a Bachelor of Science along the way. This professional program offers post-baccalaureate
studies specifically intended as preparation for professional engineering practice. Graduates of other
colleges and universities may be admitted with advanced standing (the Professional Program excepted)
if they have appropriate accredited baccalaureate engineering degrees or the equivalent. Admission to a
professional degree program is based on demonstration of adequate preparation and competence. The
faculty in each curriculum judges qualifications for admission. Application should be made directly to the
Office of Graduate Education.

Engineering Core Curriculum

The core engineering program forms the base for all engineering curricula. In addition to providing a solid
base for later specialization, it allows students who are undecided as to their choice of engineering field or
discipline an opportunity to clarify their interests. Such students can, by using the electives in the first two
years, sample various disciplinary offerings to aid in choosing which engineering field to pursue.

The core engineering curriculum in the general format is presented on the following pages. Specific
curricula for each field of specialization are presented under the corresponding disciplinary headings for
students who are certain of their disciplinary choices and wish to begin specializing earlier than the third
year. Two kinds of programs are listed under each discipline: (1) a four-year baccalaureate program
leading to the Bachelor of Science degree; (2) a professional program, taken in the fourth and fifth years,
leading to the B.S. and M.Eng. degrees.

While undergraduates normally are not allowed to take graduate-level courses (levels 6000-9000) except
by special permission of the instructor, a student admitted to the Professional School may be required to
take certain courses in the 6000-9000 range and may elect other such courses with the approval of his or
her adviser.

All School of Engineering students entering Rensselaer directly from high school begin their curricula
with the core engineering program. The primary objective of this program is to provide students with a
liberal education and to develop a broad scientific and technical foundation for their future specialization.
This predisciplinary-specific program usually extends through the second but may extend into the third
academic year. During this phase, the primary focus is on the foundations of engineering as a unified field.
The foundation in mathematics, physics, chemistry, and biology, combined with the specified
engineering sciences (e.g., strength of materials or thermal-fluids, etc.) satisfies basic technical knowledge
requirements without regard to the intended field of specialization. In the humanities and social sciences
area, courses not only enrich the student as an individual but also provide the perspective professionals
need to make decisions that will affect society. The course Introduction to Engineering Design is intend-
ed to enhance the student’s ability to apply knowledge resourcefully to resolve engineering problems.

The electives within the core engineering program, together with the required basic content, give each
student the opportunity to refine his or her goals and develop a broad and solid foundation. Elective
courses also allow undecided students to sample professionally oriented courses from several curricula so
as to make a more enlightened choice of major. A student can also choose electives to provide a broader
base or use them to focus on a particular field at an early stage. An imaginative student, with faculty
counsel, can develop any number of creative study programs. It is also possible to major in one branch of
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engineering and obtain a concentration in a second branch.

Students need not begin specializing in a particular area until the fourth semester of study. However, when
choosing electives, students must consider that each engineering discipline requires certain courses be
taken earlier as field (or discipline) prerequisites.

To provide proper guidance, each student is assigned a faculty adviser who is knowledgeable in core
engineering matters and can help the student plan a program to best meet his or her educational and
career objectives. Once a student identifies a specific curriculum to pursue, a new adviser, who is
particularly aware of the opportunities for advanced study in this area, is assigned.

The combination of the core engineering program with the subsequent discipline-specific courses
provides a coherent yet flexible curriculum that allows students to obtain an engineering education at all
levels in multiple focus areas. The overall School of Engineering program is structured to permit students
to select plans of study that fit their individual goals, aptitudes, and interests. It also enables students to
enter and leave at points most appropriate to their individual plans and to facilitate entrance at
intermediate levels in the undergraduate and graduate programs.

All elements of the curricula, including both core and discipline-specific courses, are under continuous
review to ensure the application of new pedagogues and teaching methods and the introduction of
courses covering the latest technological and computing and analysis advances. Topics such as quality,
ethics, cultural sensitivity, safety, environmental impact, and contemporary issues related to science and
engineering, are constantly integrated into curricula. Additionally included in Rensselaer engineering
curricula is the topic of entrepreneurship. Through these efforts, Rensselaer ensures that leadership,
interpersonal communications, teamwork, problem formulation, system synthesis, critical thinking, and
problem-solving skills are practiced and enhanced.

To provide a clear picture of what prospective engineering students can expect in their first two years at
Rensselaer, the core engineering program proceeds as follows:

First Year

Fall Credit hours  Spring Credit hours
ENGR-1100 Intro. to Engineering Analysis........... 4 ENGR-1300 Engineering Processes '* or
ENGR-1200 Engineering Graphics and CAD '......1 ~ ENGR-1310 Intro. to Engineering Electronics *.....1

MATH-1010  Calculus Lo.ovoveieiiiiiiis 4 MATH-1020  Calculus IT..ceovereeeierieeieriircininennens 4
CHEM-1300  Chemistry Principles for Engineers....4 ~ PHYS-1100 Physics Le.c.ceeeereeveeeninieeeeinieieieenens

Hum. or Soc. Sci. Elective ................ 4 Science Elective

Hum. or Soc. Sci. Elective ............... 4

Second Year
Fall Credithours  Spring Credit hours
MATH-2400  Intro. to Differential Equations.......... 4 ENGR-2040 Intro. to Engineering Design (with
PHYS-1200 Physics IL...cooveeerreeernrreenieierneeieeeeens 4 PDI) oo snnns

Engineering Elective .. .4 Engineering Elective .

Hum. or Soc. Sci. Elective ................ 4 Engineering Elective.....

CSCI-1190 Beginning C for Engineers ................ 1 Hum. or Soc. Sci. Elective .......c.v.... 4

! These required courses may be taken in either order.

? Depending on major
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Electives

In the core engineering curriculum, electives may be selected from, but are not limited to, the following
list of suggested courses. However, in most engineering curricula, specific electives are required or
recommended during the core engineering phase. Students should consult the curriculum information
for their intended fields of specialization before selecting electives.

Engineering Electives ECSE-2010 Electric Circuits
ENGR-2090 Engineering Dynamics ECSE-2410 Signals and Systems
ENGR-2250  Thermal and Fluids Engineering I ECSE-2610 Computer Components and
ENGR-2350 Embedded Control Operations

ENGR-2530 Strength of Materials MANE-2060  Aerospace Fundamentals

ENGR-2600 Modeling and Analysis of Uncertainty ~ DSES-2210 Production and Cost Accounting
ENGR-2830 Nuclear Phenomena for Engineering Mathematics and Science Electives

Applications MATH-4800  Numerical Computing

ENGR-4300 Electronic Instrumentation CSCIL-1100 Computer Science I

ENGR-4750 Engineering Economics and Project ENGR-1600 Materials Science for Engineers

Management CHEM-2250  Organic Chemistry I
CHME-2010  Material, Energy, and Entropy

Balances
For a complete description of all engineering courses, see the Course Description section of this catalog.

Special Undergraduate Opportunities

Undergraduate Research Experience

At Rensselaer, involving undergraduates in real-world engineering research is of paramount importance.
Through the Undergraduate Research Program (URP), described in the Educational Resources and
Programs section of this catalog, undergraduates work directly with faculty and/or graduate students on
projects requiring critical inquiries. These studies involve exciting areas of leading-edge technological
research and have the potential to result in groundbreaking discoveries. Involvement in undergraduate
research can be arranged strictly for the experience, for credit, or for pay. Students apply through direct
contact with faculty seeking students via Web site or campus advertisements.

Cooperative Education

Students may augment their academic course work with work experience through the Cooperative
Education program. Studies and work assignments are scheduled after consultation with their curriculum
adviser. Although many co-op students complete their academic program in four years, some delay
graduation for a year to obtain additional work experience. Additional information on Rensselaer’s
Cooperative Education Program can be found in the Student Life section of this catalog under Career
Development Center.

Study Abroad/Exchange Programs

Rensselaer’s School of Engineering advocates a voluntary international experience as an ideal means to
promote a broad-based engineering education, develop the “citizen engineer,” and provide
undergraduate students with a global perspective. To facilitate such opportunities, the School has helped
formulate and actively participates in the Global Engineering Education Exchange (Global E’) program.

Oriented primarily to undergraduate students, this program offers them the chance to spend one or two
semesters at an international university which could be followed by an industrial internship in that
country. Preferred timing for this experience is the junior year, and students normally apply in the fall or
spring of their sophomore year.
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Application involves completing forms regarding required courses or desired electives. The Institute for
International Education, which administers this program, matches the student to a participating
university based on that student’s educational discipline requirements, cultural experience, and language
background. The student continues to pay tuition at the home institution (Rensselaer) and continues to
be covered by financial aid mechanisms, insurance, etc. However, the student pays room and board to the
host institution. Consequently, except for travel expenses, students participating in this program should
incur no additional costs.

Global E’ offers students the chance to study and learn in the native language of the host country. Such
opportunities, for example, are available in France, Germany, Italy, Spain, and Austria. Additional
opportunities allow students to pursue foreign study opportunities at universities where the courses are
presented and taught in English. These include the Technical University of Denmark, Budapest University
of Hungary, and universities in the United Kingdom, Finland, Korea, Singapore, and Japan, among
others. As a result, while students may benefit from knowledge of a foreign language, it is not a
requirement for participation in this program. Refresher language instruction in French and German is
usually given in the summer preceding the fall semester for those who have prior language experience and
will be studying in the foreign language.

Approximately 30 U.S. universities and 70 universities in the rest of the world participate in the Global
E’ program. Included among these nations are: Australia, Austria, Denmark, Finland, France, Germany,
Hungary, Italy, Japan, Korea, Mexico, Singapore, Spain, Sweden, and the United Kingdom. People
interested in the program should contact Professor Lester A. Gerhardt, Acting Dean, at
(518) 276-6203 or via e-mail at gerhal@rpi.edu. The program’s Web site can be found at
http:/fwww.iie.org/pgms/global-e3.

Additional opportunities designed for the Rensselaer population in general are also available. Information
on these opportunities can be found in the Educational Programs and Resources section of this catalog.

Overview of Graduate Programs

In preparing students to reach the pinnacle of their expertise within their chosen profession, the School
of Engineering’s graduate programs strive to:

B Develop students’ skills for conceiving, conducting, and communicating creative thought through
advanced study in the classroom and inquiry-based independent and collaborative original research.

B Deepen students’ knowledge while refining their ability to think critically and nurturing their ability
to identify new areas for expanding knowledge and transferring it to application and practice.

The School of Engineering offers four graduate degrees through which students may achieve these
objectives. These include the Master of Science (M.S.), Master of Engineering (M.Eng.), Doctor of
Engineering (D.Eng.), and Doctor of Philosophy (Ph.D.) degrees.

Master’s Programs

Both the M.S. and M.Eng. degree programs focus on engineering fundamentals at advanced levels, and
both include significant elective opportunities that permit students to individualize their study plans. Either
program provides an excellent basis for further graduate work in engineering, and neither includes a
foreign language requirement.

The Master of Engineering program is designed primarily for students preparing for professional practice
and does not require a thesis. Admission is based on the student’s demonstration of adequate preparation
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and competence. Applications for admission should be transmitted to the Office of Graduate Education.
Note that many students complete a Master of Enginering and then pursue a Ph.D.

The Master of Science program encompasses diverse educational needs and is designed primarily for
students intending to obtain a Ph.D. degree. Admission requires a baccalaureate degree in an area
appropriate to the individual’s proposed plan of graduate study, and could conceivably be outside the field
of engineering. Those who do not have a B.S. in Engineering, however, may be required to complete some
extra course work that does not qualify for graduate credit. Depending on the department in which the
degree is being pursued, a thesis may be required.

Doctoral Programs

A doctoral student formally affiliates with the department where activities most closely relate to his or her
advanced study goals. However, the range of inquiry may cut across department and school lines, so that
research opportunities are extremely broad, and students can pursue highly individualized programs. There
are no foreign language requirements.

The Doctor of Engineering degree is characterized by the special nature of the thesis. Thus the student,
working with an adviser, proposes an engineering problem of substance and develops a solution. The
student must demonstrate ability to apply scientific principles to meet engineering needs, with due regard
to social and economic factors and within a reasonable time constraint. The presentation and defense of
his or her conclusions before a doctoral subcommittee and guests serves as the final examination for the
degree.

The Doctor of Philosophy program is the traditional degree with a thesis that involves substantial
original research. The program follows the general rules of the Office of Graduate Education.

Biomedical Engineering
Chair: Robert L. Spilker
Department Home Page: http://www.bme.rpi.edu/

Biomedical engineers are typically involved in research and design. They discover new knowledge that
they apply to designing new engineering devices and systems for the fields of medicine and biology. Among
the devices that biomedical engineering (BME) has produced are noninvasive body imaging systems, crit-
ical-care monitoring instruments used in intensive care units, and a wide spectrum of implants, such as
artificial joints, oral implants, and vascular grafts, all of which are used to replace diseased tissues. With
new discoveries related to stem cells, genomics, and proteomics, BME is becoming increasingly involved
in cellular and molecular biology for basic research and design of new devices and technologies. For
instance, many biomedical engineers are helping to advance the new field of tissue engineering. In this
capacity, they use basic knowledge about the cellular/molecular processes of tissue regeneration to help
design replacement tissues and organs. At Rensselaer, a key focus is functional tissue engineering, which
encompasses the biology and engineering necessary to understand, characterize, synthesize, and shape the
requisite mechanical behavior of living tissues.

Founded upon a strong engineering base, the BMED curriculum combines significant life science content
with courses that bring engineering solutions to medical needs. BMED students may select a mechanical
or materials concentration to develop knowledge and skills in cell and tissue engineering or implant design.
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Research Innovations and Initiatives

Cell and Tissue Engineering

Cultured mammalian cells are used to study, in vitro and at the molecular level, systems of biomedical
interest. Experimental projects in progress include investigations of the mechanisms of osteoblast
interactions with orthopedic/dental implant materials; structure and biochemistry of the cell/biomaterial
interface; the effects of mechanical stresses on cellular function, morphology, and structure; and the
development of engineered tissues to repair or replace damaged tissues. Theoretical approaches are used
in modeling proliferation of anchorage-dependent, contact-inhibited cells, and in quantifying
morphological responses of cells to mechanical forces.

Computational Bioengineering

The level of complexity inherent in the study of human systems such as musculoskeletal or
cardiovascular systems frequently dictates the need for numerical solution methods. Rensselaer is
developing and applying high-performance computational methods to the study of diathrodial joint
mechanics, cardiovascular mechanics, dental mechanics, and imaging. Projects involving the
development of computational methods for bioengineering applications are done in collaboration with
Rensselaer’s Scientific Computation Research Center, as well as the Center for Subsurface Sensing and
Imaging Systems (CenSISS).

Orthopedic Biomechanics

In an aging individual, musculoskeletal well-being is a key factor that contributes towards quality of life.
The Orthopedic Biomechanics Laboratory uses a combination of cellular and tissue-level approaches to
(1) identify changes in the biological and mechanical characteristics of skeletal tissues with emphasis on
aging and osteoporosis; and (2) develop microenvironments conducive to regeneration of lost or dam-
aged matrix. Current research areas include biology and mechanics of hard tissue, cellular control of
tissue growth and development, mechanobiology of skeletal tissue regeneration, and fatigue fractures of
long bones.

The Bone-Implant Interface

In oral/maxillofacial surgery, orthopedic surgery, and tissue engineering, events at the bone-implant
interface ultimately determine clinical implant performance. All such interfaces transmit loads, so
interfacial biomechanics and biomaterials become extremely relevant. Continuing projects include (1)
characterization of applied forces and moments on oral implants in vivo, and (2) assessment of bone
biology at loaded verses unloaded bone-implant interfaces. New aspects of these projects include digital
image-based strain analysis of interfaces and cellular/molecular-level approaches to understand
interfacial bone healing and remodeling under the influence of interfacial biomechanics and
biomaterials.

Other Research

Biomedical engineering research at Rensselaer involves three schools within the Institute and
interactions with Albany Medical College, the University of Pennsylvania, Columbia University, Université
de Montreal, UC San Francisco, Center for Tissue Integrated Prostheses (Spokane, Wash.), and several
other hospitals.
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Faculty*

Professors

Bizios, R—Ph.D. (Massachusetts Institute of Technology); cellular bioengineering, cell/biomaterial
interactions, biomaterials.

Brunski, J.B.—Ph.D. (University of Pennsylvania); dental biomechanics and implants, bone healing at
interfaces, biomaterials.

Newell, J.C.—Ph.D. (Albany Medical College); cardiopulmonary physiology, systems modeling,
impedance imaging.

Roysam, B.—D.Sc. (Washington University); electrical, computer, and systems engineering;
intelligent imaging at low SNR; parallel computation; biomedical applications.

Spilker, R.L.—Sc.D. (Massachusetts Institute of Technology); computational mechanics and
biomechanics (department chair).

VonMaltzahn, W.-W.—Ph.D. (University of Hannover, Germany) bioinstrumentation, physiological
measurements and modeling.

Associate Professors
DePaola, N.—Ph.D. (MIT-Harvard Medical School); biofluid mechanics, cellular bioengineering.
Xu, G.X.—Ph.D. (Texas A&M University); environmental health physics, health and medical physics,

Monte Carlo simulations, anatomical modeling, biomedical use of radiation.

Assistant Professors

Plopper, G.—Ph.D. (Harvard University Medical School); extracellular matrix and tissue engineering.

Stegemann, J.B—Ph.D. (Georgia Institute of Technology); cell and tissue engineering, vascular
biology, extracellular matrix biology.

Thompson, Deanna M.—Ph.D. (Rutgers University); tissue engineering (neural), microfluidics,
microelectro-mechanical systems (MEMS).

Vashishth, D.—Ph.D. (University of London, UK); orthopedics biomechanics, hard tissue biology
(aging and osteoporosis), sports medicine (stress fractures and running injuries), skeletal tissue
regeneration.

Affiliated Faculty

Cheney, M.—Ph.D. (Indiana University); professor of mathematical sciences; applied mathematics,
differential equations, mathematical computed tomography.

Doremus, R.D.—Ph.D. (University of Illinois, University of Cambridge); professor of glass and
ceramics science; physical chemistry, solutions of polyelectrolytes and proteins.

Isaacson, D.—Ph.D. (New York University); professor of mathematics and computer science; electric
current computed tomography.

Adjunct Faculty

Bowser, S.S., Jr—Ph.D. (University at Albany); cell structure and function, particularly cell motility
and cytoskeleton-membrane interactions, effects of mechanical forces on cell physiology, biology of
benthic foraminifera.

Cousins, J.R.—Ph.D. (Johns Hopkins University); magnetic resonance imaging and spectroscopy.

Del Vecchio, PJ.—Ph.D. (Fordham University); biology, vascular endothelium.

Edic, PM.—Ph.D. (Rensselaer Polytechnic Institute); electrical impedance imaging and magnetic
resonance imaging computation.

Feustel, R—Ph.D. (Albany Medical College); cerebral circulation and respiration regulation.

* Departmental faculty listings are accurate as of the date generated for inclusion in this catalog. For the most up-to-date listing of faculty positions,

including end-of-year promotions, please refer to the Faculty Roster section of this catalog, which is current as of the May 2004 Board of Trustees
meeting.
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Flaherty, L.—Ph.D. (Cornell University Medical College); molecular genetics; mammalian genetics.
Director, Genomics Institute, Wadsworth Center of the NYS Dept. of Health.

Jacobs, R.IL.—M.D. (State University of lowa); orthopedics, physiology, bone biochemistry.

Lee, B.Y.—M.D. (Seoul National University School of Medicine); surgical research, peripheral
vascular surgery.

Metzger, D.—Ph.D. (University of Illinois at Chicago); regulation of immunity, mucosal immunology,
immune response to xenogenaic tissue implants.

Rizzo, V—Ph.D. (New York Medical School) Assistant Professor, The Center for Cardiovascular
Sciences, Albany Medical College. Mechano-chemical signaling in endothelial cell caneolae.

Rangert, B.—Ph.D. (Chalmers Institute of Technology); dental implants, biomaterials, biomechanics.

Singer, H.—Ph.D. (University of Virginia); vascular smooth muscle cell biology, calcium/calmodulin-
dependent protein kinases, intracellular regulation of smooth muscle contractility.

Turner, J.N.—Ph.D. (State University of New York, Buffalo); biophysics, anatomic pathology,
quantitative light microscopy.

Emeritus Faculty

Ostrander, L.E.—Ph.D. (University of Rochester); information processing, biomedical signal analysis,
human factors in medical equipment design.

Roy, R.J.—M.D. (Albany Medical College), D.Eng.Sci. (Rensselaer Polytechnic Institute); systems
physiology, digital signal processing, pattern recognition.

Zelman, A.—Ph.D. (University of California, Berkeley); membrane transport phenomena, food
processing.

Undergraduate Programs

Objectives of the Undergraduate Curriculum
The Biomedical Engineering Department’s baccalaureate program will:

B Provide students with a solid foundation in mathematics and computation and in the biological and
physical sciences.

B Train students in the application of the engineering problem-solving skills of analysis, modeling, and
simulation to current problems in medicine and biology.

B Train students in engineering design of biomedical products, processes, and systems.

B Provide students with specialized technical expertise to prepare for industrial, academic, or other careers
in biomedical engineering.

B Develop students with strong written and oral presentation skills, as well as the ability to lead and
contribute to multidisciplinary teams in industrial, academic, and clinical environments.

B Provide students with a broad learning experience, including the study of the humanities and social
sciences, with an emphasis on ethics and social responsibility.

B Prepare students for life-long learning using interactive studio environments and modern learning cycle
strategies.

Students may achieve these objectives through completion of the baccalaureate program leading to the
B.S. degree . To ensure selection of the appropriate concentration and courses to meet individual
interests and goals, students should consult their academic adviser as early as possible.
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Baccalaureate Program
In lieu of the general core engineering program presented earlier, students who identify biomedical
engineering as their discipline may follow the program outlined below. This curriculum requires a
minimum of 126 credit hours.

First Year
Fall Credit hours  Spring Credit hours
ENGR-1100 Intro. to Engineering Analysis........... 4 ENGR-1200 Engineering Graphics and CAD. ....... 1
CHEM-1300  Chemistry Principles for Engineers....4 ~ ENGR-1600 Materials Science for Engineers’ ...... 4
MATH-1010  Calculus L..c.coevererererereiiieierererrnen MATH-1020  CalculusII.
ENGR-1330 Intro. to BME PHYS-1100 Physics L..c.cooeverrrnnnnnn

Hum. or Soc. Sci. Elective * Hum. or Soc. Sci. Elective “............... 4

Second Year

Fall Spring Credit hours
ENGR-2050 Intro. to Engineering Design............. 4 BMED-2200 Dynamic Systems
MATH-2400  Intro. to Differential Equations......... 4 for Biomedical Engineering...............
PHYS-1200 Physics Il 4 (CSCI-1100 Computer Science L.......ccocovevrvririnnne
Hum. or Soc. Sci. Elective “............... 4 Concentration I*.......cocovvevevereverennnns
Hum. or Soc. Sci. Elective “............... 4
Third Year
Fall Credithours  Spring Credit hours
BIOL-4290 Human Physiological Systems........... 4 ENGR-2600 Modeling Analysis of Uncertainty ....3
Concentration II°.......cceeveeirrererenns BMED-4500 Advanced Systems Physiology ..
Concentration I1I° Concentration V> ....cooeeveveevnvnnenenns
Concentration IV’ ..o 4 Concentration VI .......cceeeverevrenns 4
Professional Development Il 7........... 2
Fourth Year
Fall Credit hours  Spring Credit hours
BMED-4010  Biomedical Engineering Lab BMED-4600  BME Design ®.......cccccevuvvviniiinnunnnnnns 3
Hum. or. Soc. Sci. Elective *. . Concentration VII? .....c.ccovvveiecnnen 4
Free Elective I....cvviiviiiiiiiiiia Free Elective III ©..ocvvveevricieinanne 34
Free Elective IT ©...ovvevcviiiee Free Elective IV © ..o 34
ENGR-4010 Professional Development III ........... 1

"ENGR-1330 or ENGR-1310 or ENGR-1300 may be taken in the first or second year.

? Placement of humanities and social science electives can be varied with free electives. The courses counted as free electives must show a minimum of 12
credit hours. The total credit hours for the degree is 126-128.

* Science requirement.
* For both the materials/mechanics concentrations, choose ENGR-2250.

SBMED specified concentration courses (see listing p. 141). Check prevequisites to assure that courses are taken in appropriate order. Free electives may be
moved to different semesters to accommodate timing of concentration courses.

¢ The minimum total credit hours of free electives is 12, with no restrictions on the included number of 3 and 4 credit hour courses.

7 Professional Development IT will be fulfilled from a published list at the start of each semester and can be taken either semester; Professional Development
111 can be taken either semester of the senior year. Professional Development Lis part of ENGR-2050.

8 Capstone writing-intensive course.
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Concentrations

Biomedical Engineering offers two concentrations. Students interested in implant design, cell and tissue
engineering, and computational biomechanics, for instance, may select a materials or mechanics
concentration. For additional concentration courses, consult a department adviser. Course selections from
these concentrations are given below and the typical sequence is designated by S2 for spring 2nd year; F3
for Fall 3rd year, etc.

Materials Emphasis Mechanics Emphasis

ENGR-2250 Thermal and Fluid Engineering I (S2) ENGR-2090 Engineering Dynamics (F3)
MTLE-4100 Thermodynamics of Materials (F3) ENGR-2250 Thermal and Fluids Engineering I (S2)
MTLE-4030 Introduction to Glass Science (F3) or ENGR-2530 Strength of Materials (F3)
MTLE-4050 Introduction to Polymers (F3) BMED-4540 Biomechanics (F3)

BMED-4540 Biomechanics (F3) BMED-4240 Tissue-Biomaterial Interactions (S3)
BMED-4240 Tissue-Biomaterial Interactions (S3) BMED-4650 Intro to Cell and Tissue ENGR (Fall)

MTLE-2100 Structure of Engineering Materials (S3) MANE-4030 Elements of Mechanical Design (S4) or
MTLE-4250 Properties of Engineering Materials IT (S4) ~ ENGR-2350 Embedded Control (S4) or
MANE-4610 Vibrations (F4)

Humanities and Social Sciences Electives

In this area, electives are based on the Institute and School of Engineering requirements. Students are
urged to select humanities and social science sequences with adequate breadth and depth in subject areas.
Students desiring minors in humanities or social sciences must consult the school or department in which
the courses are offered to obtain further information and specific requirements.

Minor Programs

The Department of Biomedical Engineering offers a minor in biomedical engineering for undergraduates
majoring in other engineering and science fields. The selection of courses must have the prior approval
of the department and must form a coherent program. Below is a list of suggested courses for a minor in
biomedical engineering.

For Mechanical or

Materials Engineering Majors

BMED-4010 Biomedical Engineering Laboratory
BIOL-4290 Human Physiology Systems
BMED-4500 Advanced Systems Physiology
BMED-4540 Biomechanics

BMED-4240 Tissue-Biomaterial Interactions
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Graduate Programs

The department offers programs leading to M.S., D.Eng., and Ph.D. degrees. Persons seeking admission
to any of these graduate degree programs in biomedical engineering should have their Graduate Record
Examination (GRE) aptitude test scores sent to Graduate Admissions Office. Applicants who cannot take
the test should attach an explanation to the application. Submission of the GRE advanced test scores is
also recommended. For further information on the GREs, write to Graduate Record Examinations, Box
955, Princeton, NJ 08541.

Master’s Programs
Rensselaer requires completion of at least 30 credit hours (with satisfactory grades) beyond the bachelor’s
degree. At least 15 of these credit hours must have suffix numbers 6000-6990.

Master of Science

The Biomedical Engineering M.S. degree can be obtained with or without a thesis. The latter option is
recommended for students who do not plan further graduate studies. The thesis option is advised for
students who plan to obtain a higher graduate degree. The master’s thesis should contribute new
knowledge to the field of study.

Students pursuing either M.S. option must complete a minimum of 30 credits. In consultation with the
adviser, they must develop a plan of study that satisfactorily meets Institute requirements, core
concentration requirements, and recommended technical electives. For students completing a thesis, at
least 24 credits must be met in these requirements, and a maximum of six credits may be earned by
thesis work.

Concentrations
At the M.S. level in Biomedical Engineering, programs of study fall into three different concentration
areas:

Biomaterials

Engineering applications for the design of prosthetic devices such as implants or tissue-engineered
constructs require sophisticated knowledge of the structure, properties, and behavior of a wide range of
materials—metals, ceramics, glasses, polymers, composites, and biological materials. Implant design and
the new field of tissue engineering involve a working knowledge of material properties, tissue-
biomaterial interactions, and biocompatibility.

Biomechanics

Mechanics has helped solve problems involving cell physiology, blood flow, skin rheology, bone
mechanics, load-bearing prostheses design, joint lubrication methods, and countless other items of
interest in medicine. Continuum mechanics, finite element analysis, strain gauge techniques, model
analysis techniques, and micromechanics are some of the methods used to attack these problems in
biomechanics.
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Biomedical Engineering Requirements
In addition to the Biomedical Engineering core requirements, students must also meet the concentration
and elective requirements.

Core Requirements Credit hours
BMED-4010  Biomedical Engineering Lab I ......ccoeerieiirieririeieinieieieineieieeieveereeseseseseesenesens 4
BMED-4500  Advanced Systems PhySiology™ .....c.c.cccoevrieieieriinninieieriiinineieieieeennnieneseeeeseseenenenes 4
Biomaterial Concentration requirements Credit hours
DSES-6020 Design of Experiments (0r an equivalent COUTSE) ......c.euvuruerrrereremeuereremneeeriecserenerenens 3
Biomechanics Concentration requirements Credit hours
BMED-4540  BiOMEChAMICS . v.veveveueieieiereiiiiniriiietcteietntseteteies sttt ettt sttt ettt be e senen 3
DSES-6020 Design of Experiments (0r an equivalent COUISe) .........ccceerrninninieeicierererennneneecesesenenens 3
Recommended technical electives for a BMED Biomaterials Concentration

BMED-6240 Tissue-Implant Interfaces MTLE-4050 Introduction to Polymers
BMED-6290 Biomechanics of Hard Tissues MTLE-6040 Principles of Crystallography and X-
BMED-6500  Mechanobiology ray Diffraction

MTLE-6080 Electron Microscopy of Materials MTLE-6830 Deformation of Materials and
MTLE-6150 Fracture of Solids Rheology

BMED-6280 Biomechanics of Soft Tissues

Recommended technical electives for BMED Biomechanics Concentration

BMED-6240  Tissue-Implant Interfaces Rheology

BMED-6280 Biomechanics of Soft Tissues MANE-4330  Analytical Methods in Solid
BMED-6290 Biomechanics of Hard Tissues Mechanics I (recommended for the
BMED-6500  Mechanobiology Ph.D. Track)

MANE-4240  Introduction to Finite Elements MANE-4340  Analytical Methods in Solid
MANE-6660  Fundamentals of Finite Elements Mechanics II (recommended for the
MTLE-6150 Fracture of Solids Ph.D. Track)

MTLE-6830 Deformation of Materials and MANE-6180  Mechanics of Composite Materials

Doctoral Programs

Matriculation into the doctoral program is based upon prior demonstration of a high level of academic
achievement in graduate and/or undergraduate work. Advanced study and research are conducted under
the guidance of a faculty member of the Department of Biomedical Engineering and an interdisciplinary
committee. Usually 54 credits of formal courses are required in addition to the residency and thesis require-
ments. These requirements are formalized in a plan of study that is prepared in consultation with the
research adviser and doctoral committee.

Course Descriptions

Courses directly related to all Biomedical Engineering curricula are described in the Course Description
section of this catalog under the department codes BMED, CHME, ECSE, MTLE, and MANE.

* New graduate students entering BMED with no previous biological course work can take BMED-4290 as a background course, but in this case,
this course is not counted in the credits for the master’s or Ph.D. degree.
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Chemical and Biological Engineering
Acting Chair: B. Wayne Bequette

Director, Industrial Liaison Program: E. Bruce Nauman

Department Home Page: hetp://www.eng.rpi.edu/dept/chem-eng/

The chemical conversion of resources into new, more useful forms has been the traditional concern of
chemical engineers. In recent years, a critical concern with the depletion of resources has developed,
leading to increased efforts to conserve, recycle, and find alternatives. Concurrently, with high-
technology advances in biochemical and semiconductor processing, these developments pose challenges
that fall on the chemical engineering profession.

The major educational objective in the Howard P Isermann Department of Chemical and Biological
Engineering is to prepare students to enter their engineering practice dealing with chemical as well as
physical processes to meet the challenges of the future. The curriculum, which builds on chemistry,
mathematics, basic sciences, and engineering science, culminates in professional applications in which
theory is tempered by engineering art and economic principles. Through this curriculum, graduates are
prepared equally well for professional practice or for advanced study.

Opportunities for creative and satisfying practice in chemical engineering can be found in conception,
design, control, or management of processes involving chemical change. These processes range from the
more conventional conversion of crude oil into petrochemicals and plastics, to the microbiological
transformation of hardwood chips into specialty alcohols, or to the creation of semiconductor devices from
silicon wafers. Diverse career choices exist not only in the chemical industry, but in virtually all
processing industries, including agricultural, biochemical, chemical, food, nuclear, semiconductor
processing, and environmental operations. By avoiding specialization and emphasizing basic principles,
the program prepares its graduates for positions spanning the spectrum of activities from research and
development, to process and project engineering, to production, or to technical marketing.

Research and Innovation Initiatives

Fluid Mechanics

Projects in this area involve the mechanics of fluidized beds, spouted beds, bubbles, low Reynolds num-
ber hydrodynamics, kinetic theory, two-phase flow, and surfactant behavior in organic-aqueous systems.

Heat Transfer

Topics of interest include free convection stability, forced convection (particularly in laminar flow
systems), fluid-to-particle heat transfer in fluidized and spouted beds, and boiling. Studies on heat and
mass transfer at interfaces are also under way.

Mass Transport

Research is in progress on simultaneous heat and mass transfer in porous media; the effects of interfacial
phenomena on mass transfer; diffusion and mixing in laminar flow systems; transient dispersion
processes in capillaries, porous media and open channels; and crystal growth phenomena.

Thermodynamics

Activities include molecular simulation, the analysis and correlation of phase-equilibrium data, the
development and evaluation of fluid-phase equations of state, and the study of topics in solution
thermodynamics.
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Interfacial Phenomena

Problems under investigation include interfacial resistance to mass transfer and the interaction between
surface forces and interfacial convection. Work in the interfacial area is concerned with heat, mass, and
momentum transfer in multicomponent, ultrathin, liquid films. Research includes studies on
condensation and evaporation in the contact line region, distillation from ultrathin films, lubrication,
surface-tension-driven instabilities in atomically clean liquid metals, pattern formation in dendritic growth,
protein-solid interaction, and the design of biocompatible surfaces.

Biochemical and Biomedical Engineering

Research projects in biochemical engineering emphasize biocatalysis, bioseparations, and metabolic
engineering. Fundamental and applied aspects of enzyme technology, mammalian cell culture, membrane
sorption and separation, displacement chromatography, and salt-induced precipitation are important areas
of focus. New designs involving aqueous and nonaqueous enzyme technology are being developed, as are
new types of membrane-entrapped-enzyme and animal-cell-suspension reactors, which are being built,
tested, and analyzed. Metabolic engineering processes are being used to develop high-rate bacterial
fermentations and overproducing hybridoma cultures for producing chemical intermediates and
monoclonal antibodies, respectively. Control theory of biological processes and an optical biosensor for
metal detection are also being pursued. Projects in biomedical engineering involve the design of polymeric
inhibitors of bacterial toxins and viruses, and the use of microfabrication tools to modulate the
interaction of mammalian cells with their environment for applications in tissue engineering.

Separation Processes

The fundamentals of separating species, especially in dilute solutions, is the focus of ongoing
experimental and theoretical research. Projects include the understanding of separation by membranes
and the development of new membranes, adsorption and chromatographic separations for preparing
laboratory quantities of unusual chemicals, and protein precipitation processes. Another major research
program is the recycling of microelectronic etching solutions using membrane separation processes.

Molecular Simulations

Monte Carlo and molecular dynamics simulations are being used in combination with statistical
mechanical theories to understand thermodynamics, structure, and kinetics of biomolecules in aqueous
solutions. Special emphasis is placed on understanding and relating water structure near different solutes
and in different environments to resulting interactions (e.g., hydrophilic and hydrophobic interactions).
Molecular simulation techniques are also being applied to polymeric systems to understand penetrant
solubility and diffusivity in polymers.

Polymers

A large polymer research program focuses on polymer reaction engineering including devolatilization and
heat transfer. Current work emphasizes bulk polymerizations in tubular reactors and segregation
phenomena in stirred tank reactors. Under study are ways of enhancing heat transfer to fluids in laminar
flow and the application of polymer devolatilization technology to unconventional substances. The
recovery of commingled scrap plastics by selective dissolution is a major activity. Other active areas include
structure-property relationships, rheology, extrusion, and a large interdisciplinary program on
biocatalysis in polymer synthesis and modification.

High-Temperature Kinetics

The development of more efficient, less polluting, combustion systems, requires accurate chemical
kinetic input data on individual reactions over large temperature ranges. Rensselaer is pioneering the
development of experimental techniques for obtaining such data. This work includes design,
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construction, experimentation, and the generation of data for use by reaction system modelers. Both fast-
flow thermal and pseudostatic photochemical systems are used. Various light sources, such as lasers,
combined with electro-optical detection techniques are employed to determine the time history of
reactants. Larger reactants and products are observed mass spectrometrically. Microcomputers are used
for experimental control and data handling. In some work, the light-emitting and electrical-charge
generation aspects of reactions are also investigated. In addition to combustion, this work is important to
technological fields, such as semiconductor processing, metals refining, and optical fiber and carbon black
manufacturing, as well as models of the atmosphere. A better understanding of the temperature
dependence of reaction rate coefficients is a significant result of this work.

Advanced Materials

Research interests are centered on developing and understanding the phenomena involved in producing
advanced materials for the optical, electronic, and allied industries. Thermodynamic, transport, and
chemical processes governing the formation and subsequent behavior of these materials are under active
investigation. Research areas include modeling and optimizing CVD-reactor-system designs for
producing high-efficiency, epitaxial layers economically in an environmetally sound manner, and
developing nonlinear and electro-optic inorganic and organic materials for switching and memory
applications. Additional research areas are understanding phenomena involved in the production and use
of microlens arrays, wave-guide lasers, and determining the composition, property, and structure
relationships of crystalline and glassy materials.

Process Control and Design

A major focus of this research is the development of realistic, robust control strategies for multivariable
chemical processes having parameter and process uncertainties. Such strategies are created to exploit the
dynamic properties inherent in the systems. Integration of the modeling, design, and control of specialty
chemical and pharmaceutical processes is of particular interest.

Interdepartmental Research

Several research areas involve participation and cooperation with other departments. Such areas include
polymer studies with the Materials Science and Engineering and Chemistry Departments, fermentation
and other biochemical research with the Biology Department, studies in fluid mechanics with the
Mathematics Department, polymer membrane fabrication with the Chemistry Department, and research
on lubrication and other interfacial phenomena with the Mechanical Engineering Department. Research
into state-of-the-art design and optimization of CVD reactors for semiconductor production is
conducted jointly with the Center for Integrated Electronics. Additional information on research in these
areas is found in the catalog sections for those departments.

Research Related Facilities

The department maintains extensive research and instructional laboratories which house myriad special
and unique equipment developed for specific studies, as well as extensive analytical and optical
instrumentation, minicomputers, and microcomputers. Major instrumentation such as a GC/mass
spectrometet, an X-ray fluorescence analyzer, an ion chromatograph, HPLC systems, and a laser zee
particle characterization system make Rensselaer’s laboratories one of the most comprehensively equipped
university centers for research in the areas described above. The Howard Isermann Biochemical
Engineering Laboratory was established in the department exclusively for conducting biochemical
engineering research. The department research programs also use a number of major university facilities
including the electron optics laboratory and the polymer laboratories in the Materials Research Center.
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Faculty*

Professors

Belfort, G.—Ph.D. (University of California, Irvine); membrane sorption and separations engineering,
biocatalysis, biosensors, magnetic resonance flow imaging.

Bequette, B.W.—Ph.D. (University of Texas, Austin); chemical process modeling, control, and
optimization; biomedical and drug infusion systems.

Bizios, R.—Ph.D. (Massachusetts Institute of Technology); cellular bioengineering, cell/biomaterial
interactions, biomaterials.

Cale, T.S.—Ph.D. (University of Houston); microelectronic materials processing and simulation.

Cramer, SM.—Ph.D. (Yale University); biochemical engineering, chromatographic separations.

Dordick, J.S.—Ph.D. (Massachusetts Institute of Technology); biochemical engineering, enzyme
technology, polymer chemistry, bioseparations.

Glicksman, M.E.—Ph.D. (Rensselaer Polytechnic Institute); transport phenomena of crystal growth.

Hirsa, A.—Ph.D. (University of Michigan); fluid mechanics, experimental gas dynamics.

Kumar, S.K.—Ph.D. (MIT) Synthetic-and bio-polymers, nano composites and nanomaterials.

Lahey, R.T., Jr—Ph.D. (Stanford University); two-phase flow and boiling heat transfer.

Nauman, E.B.—Ph.D. (University of Leeds, England); reaction engineering, dispersion theory,
laminar heat transfer.

Plawsky, J.L.—Sc.D. (Massachusetts Institute of Technology); optical, nonlinear and electrooptic,
crystalline, and glassy materials.

Assistant Professors

Garde, S.S.—Ph.D. (University of Delaware); molecular simulation.

Kane, R.S.—Ph.D. (Massachusetts Institute of Technology); biomedical engineering, polymers,
surfaces, nanomaterials.

Martin, L.L.—Ph.D. (University of California, Los Angelas) process systems engineering, design for
waste minimization and pollution prevention.

Sharfstein, S. T—Ph.D. (University of California, Berkeley); biochemical engineering, mammalian cell
culture.

Distinguished Research Professors

Fontijn, A.—D.Sc. (University of Amsterdam, Netherlands); combustion, high-temperature kinetics,
gas phase reactions, atmospheric chemistry.

Gill, W.N.—PE., Ph.D. (Syracuse University); transient dispersion processes, reverse osmosis systems,
crystal growth phenomena, surface-tension-driven flow.

Wayner, PC., J—Ph.D. (Northwestern University); heat transfer, interfacial phenomena.

Adjunct Faculty
Belfort, M.—Ph.D. (University of California, Irvine); molecular biology.

Emeritus Professors

Abbott, M.M.—Ph.D. (Rensselaer Polytechnic Institute); thermodynamics.

Altwicker, ER.—Ph.D. (Ohio State University); air pollution control, atmospheric chemistry.

Bungay, H.R., III—PE., Ph.D. (Syracuse University); water resources, biochemical engineering.

Chung, C.I.—Ph.D. (Rutgers University); polymer processing, polymer melt rheology, relaxation
behavior in polymer solids.

Littman, H.—Ph.D. (Yale University); fluidization, fluid-particle systems.

Muckenfuss, C.—Ph.D. (University of Wisconsin); kinetic theory, transport phenomena.

Van Ness, H.C.—PE., D.Eng. (Yale University); thermodynamics.

* Departmental faculty listings are accurate as of the date generated for inclusion in this catalog. For the most up-to-date listing of faculty positions,

including end-of-year promotions, please refer to the Faculty Roster section of this catalog, which is current as of the May 2004 Board of Trustees
meeting.
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Undergraduate Programs
Objectives of the Undergraduate Curriculum

Graduates of the Howard P, Isermann Department of Chemical and Biological Engineering will:

B Have a solid background in chemistry, mathematics, basic science and engineering science

B Have technical knowledge of fundamental chemical engineering concepts of balance equations,
thermodynamics, transport phenomena, chemical reaction engineering, separations sprocesses, and
process systems engineering

B Be able to communicate technical material through written reports and oral presentations

B Apply chemical engineering principles and economic analysis to the synthesis of chemical processes
and products. These complex problems require teamwork, and the ability of individuals to serve as
leaders and contributors

B Be prepared equally for professional practice or further graduate study in chemical engineering and
biological engineering.

B Aswith all engineering disciplines, be informed citizens, broadly educated in the humanities and social
sciences.

Students may achieve these objectives through completion of either the baccalaureate program leading
to the B.S. degree or the professional program leading to the M.Eng. degree. Both programs are described
in detail below.

Baccalaureate Programs

The chemical engineering program comprises a minimum of 37 courses, which include three free
electives and three area electives: one in advanced chemistry, one in advanced chemical engineering, and
one in a nonchemical engineering area. On completion of three years of the baccalaureate program, the
student may continue to the fourth year or be admitted to the professional program. While individual
variations may be made in the course sequence in consultation with a faculty adviser, all listed courses and
elective credits in the curricula must be satisfactorily completed to qualify for the specified degrees. A
program outline that indicates required courses and electives is provided below. The complete
curriculum totals 128 credit hours.

First Year
Fall Credit hours  Spring Credit hours
ENGR-1100 Intro. to Engineering Analysis........... 4 ENGR-1200 Eng. Graphics and CAD ' ................. 1
ENGR-1300 Engineering Processes .........cccoouuu... 1 ENGR-1600 Materials Science for Engineers ........ 4
CHEM-1300  Chemistry Principles for Engineers....4 ~ MATH-1020  Calculus Il ...ocveveevevevereieiicirirennnns 4
MATH-1010  Calculus L..cvecevieireieiieiieieeienns 4 PHYS-1100 Physics L..... .4
Hum. or Soc. Sci. Elective ................ 4 Hum. or Soc. Sci. Elective ................ 4
Second Year
Fall Credit hours  Spring Credit hours
CHME-2010  Material, Energy, and Entropy CHME-2020  Energy, Entropy, and Equilibrium°....4
Balances.......ccovvvvriniiiniininni 4 ENGR-2600 Modeling and Analysis of
MATH-2400  Intro. to Differential Equations........ 4 UNCETtaINLy «eoveveveveeervreerevevererennenenene 3
PHYS-1200 Physics IL...cceeieenininiiiiccienenen 4 CSCI-1190 Beginning C Programming for
Hum. or Soc. Sci. Elective .............. 4 ENGINEErs ....covvvevviveverneverneereineneinnne 1
Free Elective ..oceeveviveevecreninieiencnne 4
Hum. or Soc. Sci. Elective ............... 4

! These required courses may be taken in either order.
? May be replaced by ENGR-1310.
? Includes Professional Development I.
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Third Year
Fall Cred