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1.
DESCRIPTION OF THE PROGRAM

This is a proposal to create joint Masters and PhD degrees in biomedical engineering (BME) at NC State and UNC Chapel Hill. The existing MS and PhD degree programs in the Biomedical Engineering Department at UNC-CH will be expanded, augmented, and extended to the NC State campus.  The strengths of both campuses (the Medical and Dental schools at UNC-CH and the Colleges of Engineering, Agriculture and Life Sciences, and Veterinary Medicine at NC State) will be leveraged into additional technical specialty areas (called program tracks in this document).  A richer collection of course offerings will be available to the students as compared to the offerings available on each separate campus. Students and faculty will interact between the two campuses enriching their academic and research experiences. The new expanded joint BME graduate program will be operated by a combined graduate faculty with members serving from both research institutions.  Uniform requirements and academic standards will be adopted on each campus.  A joint faculty committee will authorize admissions to the joint degree programs. A Director of Graduate Studies on each campus will jointly administer the program. Classes will be jointly conducted using state-of-the-art information technologies and distance learning facilities on each campus. The program will empower the faculty and graduate students at both institutions to explore new directions in their intellectual pursuits.  This new joint academic program will promote greater interaction and cooperation between the two campuses, and hence foster the development of collaborative research projects among the students, faculties and laboratories on each campus.

This new model for implementing graduate education offers advantages for all its stakeholders. Creation of the joint academic and research programs will benefit NC State by allowing access to UNC School of Business, Computer Science Department and Materials Science Department as well as the UNC-CH Medical Center, courses, faculty, facilities and to cutting-edge biomedical research activities funded by National Institutes of Health, which have up to now been concentrated mainly at UNC-CH.  It will also give NC State access to graduate BME degrees so that graduate students and faculty could be recruited on an equal basis with other Colleges of Engineering across the country. The development of this relationship will also be beneficial to the Department of Biomedical Engineering at UNC-CH because it is currently critically short of space, faculty positions and a School of Engineering with basic engineering courses. In addition, faculty at UNC-CH will have direct access to state-of-the-art engineering research activities that have been ongoing at NC State. External reviews of the UNC-CH BME Department over the last ten years have unanimously recommended that they develop stronger ties to the "traditional" engineering programs at NC State.  From the viewpoint of the UNC Office of the President, this course of action avoids duplication of programs within the University of North Carolina System. From the viewpoint of the State of North Carolina, this program will serve as a test bed for the development of distance learning tools that can be employed by a multitude of other academic programs across the state.  Another important measure of the success of this proposed activity is that the end result of the proposed joint academic and research programs could be to provide biomedical engineers for the growing number of medical device industry and biomedical research facilities in North Carolina.  The tax base of the State will be increased, as will be the State’s contribution toward improving the healthcare of the people of North Carolina, the nation and the world.  In summary, joining BME faculties at NC State and UNC-CH will create a synergistic relationship in which the final result is much greater than the sum of the two separate segments.  Together, this joint faculty and student endeavor will attain national and international prominence and make North Carolina a leader in the new and emerging biomedical engineering field.

The need for biomedical engineering research and education can be seen by the rapid proliferation of biomedical engineering programs nationally and internationally. The University of North Carolina System is falling behind its competition in this important field.  The Federal Government in recent years has set priorities toward reducing health care costs.  Biomedical engineering is and will continue to play a key role in developing new technologies to improve patient care while reducing costs.  Now is the time for the UNC System to launch new research and education programs in this field.

1.A.
Statement of Educational Objectives 

The Study of Biomedical Engineering

As biomedical engineering is defined broadly as the application of engineering principles to medical problems, biomedical engineers work in academia, industry and government in positions with titles similar to other engineering disciplines – professors, research associates, software engineers, hardware engineers, lead scientists, etc.  The common thread is the focus on medical applications.  For example, a list of the “wonders of biomedical engineering” might include:  renal dialysis, cardiac bypass, artificial heart valves, CAT and MRI imaging technologies, the Swan-Ganz catheter, automated blood chemistry, hip replacement devices, implantable pacemakers, fiber optic imaging and advances in respirator technology (Steve Lewis, BMES Bulletin, Nov. 1990).  A broader example of the areas in which biomedical engineers practice can be seen in the interest categories of members of the Biomedical Engineering Society (BMES):

Artificial internal organs, Biochemical processes/kinetics, Bioelectric signals, Biofluid mechanics, Biomechanics, Biomedical instrumentation, Biomedical materials, Biomedical sensors, Biotransport processes, Brain, Cellular systems/processes, Clinical engineering, Clinical medicine, Diagnostic devices/methods, Environmental effects, Health-care delivery, Heart & cardiovascular system, Mathematical modeling, Medical imaging, Medical informatics, Membrane systems/processes, Metabolic/endocrine systems, Microvascular processes, Molecular systems/processes, Nervous system, Neural control/networks, Neurochemical systems, Neuromuscular systems, Physiological monitoring, Prosthetic devices/methods, Rehabilitation engineering, Respiratory system, Sensory systems, Signal processing/analysis, Space physiology, Systems and Control, Technology assessment, Telehealth technologies, Therapeutic devices/methods, and Tissues systems/processes.

Biomedical engineering is considered by many to be indispensable in the practice of modern medicine.  Examples of value added by the engineering approach to biology and medicine cited by the president of the American Institute for Medical and Biological Engineering (AIMBE) included:  1) a systems analysis framework that can serve as an antidote to the reductionist approach of cell and molecular biology, 2) an emphasis on quantification of processes, products and procedures before introduction in the clinic, 3) a commitment of concrete “deliverables” beyond scientific publications, and 4) a built-in consciousness of cost-effectiveness issues in the process of optimization (Pierre Galletti, The AIMBE NEWS, Spring 1994).  Thus an interdisciplinary team including biomedical engineers is needed for addressing the complex challenges remaining in medicine, including the need to increase health care delivery while decreasing health care costs.

The need for biomedical engineering education can be seen by the rapid proliferation of biomedical engineering programs nationally and internationally and the increasing interest even at the undergraduate level.  Many prominent undergraduate engineering schools report biomedical engineering to be their most popular option.  Another indication of the health of the field is the success of recent programs designed to retrain engineers from military and downsizing industries to work in biomedical engineering, e.g. the program initiated at the Institute for Biomedical Engineering and Rehabilitation Services, Barry Z. Levine School of Health Sciences, Touro College, Dix Hills, NY, whose graduates have been very successful in the job market.

The medical community is leaning more and more towards the use of technology. It is therefore important that there be well-trained and highly skilled biomedical engineers who can design the technology of the future. As Robert Nerem, Professor and Director, Parker H. Petit Institute for Bioengineering and Bioscience, Georgia Institute of Technology, stated in his presentation at the October 8, 1997 NAE Annual Meeting symposium, "Integrating Engineering and the Biological Sciences: A Revolution in the Making", "the growing relevance of bioengineering - to technological progress and the U.S. economy - will need to be reflected in our engineering schools and in the curricula we offer our students. It already is reflected in the interests of our students, with the best and the brightest of them being attracted to bioengineering at both the undergraduate and graduate levels. Furthermore, bioengineering is drawing women and underrepresented minorities and so will be an important factor in the diversification of the engineering profession."

The Joint UNC/NCSU Biomedical Engineering Degrees

The UNC-CH and NC State BME faculties propose to create joint degree programs in BME at the MS and PhD levels.  Joint committees will establish the curricula for the programs with balanced membership between the two campuses. The Departments of ECE at NC State and BME at UNC-CH have shared courses over the NC-REN video network (microsensors and biosensors courses) and by Internet videoconferencing (digital control systems and medical instrumentation).  These activities will receive much greater emphasis in the future joint academic curricula.  A joint faculty committee will also handle admissions.

Other institutions are currently combining resources to improve the quality of their programs while reducing costs. Georgia Institute of Technology and Emory University have developed an innovative program. These two institutions, one public and one private, created a joint Department of Biomedical Engineering that will confer BME degrees.  Another example of a successful existing model is the joint graduate program in BME between the University of Memphis and the University of Tennessee at Memphis.  Prior to their joint effort, BME degrees were granted from the Engineering School at the University of Memphis and from the Medical School at the University of Tennessee at Memphis.  Their experience has been quite positive over the last few years. Creating the combined program has been administratively challenging because the two universities, though both state supported, are controlled by different Board of Regents. Though perhaps uncharted waters, the position of both universities under the same Board of Governors should facilitate this joint effort between UNC-CH and NC State.

As no single BME program can excel in the total breadth of biomedical engineering, the UNC-CH/ NC State joint program will focus initially on seven areas (tracks) in which both institutions have research and academic expertise.  These tracks will be: 1) Digital Systems and Signal Processing; 2) Instrumentation, Telemedicine, Microelectronics; 3) Medical Imaging, 4) Biofluids and Biomechanics; 5) Biomaterials and Tissue Engineering, 6) Biosystems Analysis, and 7) Biomedical Informatics. Faculty from each institution have been identified for each track.

UNC-CH has an existing graduate program that was ranked #17 in the country and that has traditionally been in the top two departments at UNC in rankings of the GRE/GPA qualifications of its applicants.  The BME Department at UNC-CH has been authorized to grant MS and PhD BME degrees since 1968.  These existing degree programs  are being used as models for the proposed joint graduate program (see Appendix 1 for a complete description of the new proposed program, Appendix 2 for anticipated management procedures, and Appendix 3 for course descriptions). In the new joint program, we have added to the current UNC-CH program a new track combining biofluids and biomechanics.  We have also merged the graduate faculties and course offerings from both campuses in each track.  In the existing UNC-CH BME graduate program, the track structure is used to guide students in course selection, but students are not required to declare for a particular track.  The new joint program allows for similar flexibility. Appendix 3 contains brief biographies of the organizing committee, consisting of faculty from both campuses who will serve in leadership roles in the new program.  Appendix 4 lists affiliated graduate faculty who will participate in the new joint program by teaching courses, serving as research advisors for graduate students, and/or serving on student Advisory Committees.  From the breadth of expertise displayed in these attachments, one can see the benefits of joining these internationally recognized experts into a single unified BME graduate faculty to guide the new program.

An important goal of the joint program is to provide educational and research experience in the application of engineering principles to biomedical problems.  At the Master’s level, the student is expected to have acquired and demonstrated competence in basic engineering skills and have obtained a working knowledge of biostatistics and an understanding of physiology sufficient for effective communication with basic medical scientists and clinicians.  The ability to solve a research problem, documented by a thesis, is also required.  At the doctoral level, a broader and more advanced level of competence in these areas is sought.  In addition, knowledge of a special area and the ability to formulate and conduct significant, independent research of publishable quality in that area are expected.  Evidence of this is to be documented in a doctoral dissertation that has been critically evaluated by a committee of at least five faculty, including where appropriate a recognized authority from outside.

l.B.
Relationship of Proposed Biomedical Engineering Graduate Degree Program to Institutional Missions

As the two Research I Universities in the UNC system, the missions of the institutions are relatively the same: to serve humanity in general and the people of North Carolina in particular.  To this end, The UNC School of Medicine strives to train the next generation of health care providers and health care researchers. As part of the University community with a particular responsibility for improving health care, the UNC School of Medicine is committed to maintaining a position of leadership in sciences as they relate to human life and disease. As a place of active research and scholarship in the biomedical fields, it has an obligation and responsibility to provide new knowledge to the state and the nation.  The current mission statement of NC State declares: "The land-grant tradition is not simply a set of programs or a fixed array of disciplines, but a commitment to the discovery of knowledge and its use for human betterment." The proposed Biomedical Engineering program matches this tradition in that it is the application of science and engineering to solve human problems. As the population and its average age increase, biomedical engineers will have an even more important role in improving lives. Designs for hospital diagnostic equipment and monitors, medical imaging systems, clinical systems, computers, and medical informatics will affect the lives of every individual. Devices, such as pacemakers, artificial organs, kidney dialysis machines, and prosthetics, already allow individuals to live longer, happier, more fulfilling lives. These examples show the profound effect biomedical engineers can have on the world. In this time of great technological change, "faithful to its founding mission, the University must now meet the challenges posed by the increasing complexity of our global society and the accelerated growth in knowledge and technology." 

By creating the proposed joint Biomedical Engineering program, the UNC system will be combining the strengths of two of its major assets - the School of Medicine at UNC-CH and the College of Engineering at NC State.  Though BME related faculty at both institutions have risen to leadership roles at the national and international levels, the joining of efforts will lead to a world class training and research program that will better meet the challenges of a global society and the needs of North Carolina's citizens.  The major deficiency cited when the existing graduate BME program at UNC-CH has been reviewed by external reviewers is lack of access to an engineering school.  Likewise, some NC State faculty have been limited in the type of research and/or awards for which they can compete by lack of access to a major medical center.  With the recent increased emphasis on the union of engineering science and biology by the healthcare industry and US government agencies (for example, DARPA, NSF, and NIH), the State of North Carolina should leverage its assets at its flagship research institutions to position the State in a leadership role in new and emerging biomedical engineering technologies. 

Another important contribution such a joint program would have is the positive impact it would have on students.  Many of the State’s best and brightest students want to improve the world in which they live and breathe. Students enrolled in the new joint Biomedical Engineering program would be given the opportunity to experience hands-on "that the world of learning and everyday life are connected to the advancement of the common good."  All of the fields within biomedical engineering have a direct impact on the human condition.
The fact that the UNC component of the joint program is physically located in the Medical School will provide ongoing opportunities for creation and transfer of knowledge through joint biomedical research activities.  This environment will foster top quality basic science in addition to clinical research that is essential for translating discoveries into beneficial applications.  There will be substantial benefits to the health of North Carolinians through the applications of new knowledge to develop disease treatments and cures.   
In addition to producing highly trained biomedical engineers, the joint program will have a positive impact on medical training and health care in North Carolina through its involvement with the Medical School.  Experiences of top BME departments at universities nationally and of the M.D./Ph.D. program at UNC-CH have shown that biomedical engineers can be some of the best candidates for medical training.  A subset of the brightest students in the joint program will be considered for recruitment into the M.D./Ph.D. program at UNC.  This will produce a continuing positive impact on academic competitiveness in both the medical and engineering schools, in addition to training M.D./Ph.D. students who are expected to become future stars in biomedical research.

I.C.
Relationship of Proposed Program to Existing Programs

At NC State, some graduate students from almost all College of Engineering departments have undoubtedly done their research in biomedical engineering related areas:  Biological and Agricultural Engineering (currently offers a BS in Biomedical Engineering), Mechanical Engineering, Chemical Engineering, Electrical and Computer Engineering, etc.  Faculty from the College of Veterinary Medicine have frequently collaborated with engineering faculty on biomedical projects. Projects in the College of Textiles have integrated new technologies into the biomedical field.  The faculty and courses of all of these departments would be a great asset to the proposed program.

At UNC-CH, the program  incorporates many student research projects performed with faculty members in clinical departments (Surgery, Medicine, Neurology, Orthopedics, Radiology, etc.), other basic science departments (Physiology, Cell Biology and Anatomy, Biochemistry and Biophysics, etc.), the Program in Human Movement Science, Arts and Sciences departments (Computer Science, Math, Physics, Chemistry, etc.), and the School of Business in addition to projects with the faculty in the BME department.  Also the combination of the School of Business with Engineering will be a foundation for new industries in North Carolina.  Having such basic and clinical research activities become available to students at NC State by forming the joint program will greatly enhance the opportunities for basic and applied biomedical research in North Carolina.  Of particular importance will be the affiliations with the other basic science and clinical departments at UNC-CH, which point to the "problems" for the engineers to solve.  
l.D. 
Special Features or Conditions That Make NC State and UNC-CH an Appropriate and Unique Place to Initiate the Proposed Joint Biomedical Engineering Program.

Much of the material in the above sections points to the impetus coming from many directions to merge the skills of the physical and biological scientists in order to solve difficult medical problems.  Sometimes these solutions come via groups working together.  Sometimes these solutions come by cross training, e.g., training the engineer in the tools of the biologist and/or the biologist in the tools of the engineer.  Both private and public institutions have awards that provide considerable funding to programs that can train the physical scientists in the tools of the biologist, e.g., the "Interfaces between the Physical/Chemical/Computational Sciences and the Biological Sciences Program" supported by the Burroughs Wellcome Fund, the "Interdisciplinary Graduate Education and Training Program” supported by NSF, and the Whitaker Foundation programs which all emphasize the need to train engineers in the tools of the biologist.

Biomedical engineers are uniquely poised for this climate as they are expected to know both applied physical sciences and physiology.  Efforts are underway nationally to bring medical school and engineering school units together in almost every setting where such an opportunity exists.  The efforts in Memphis and Atlanta were mentioned above, but similar consolidations are underway between Marquette and the University of Wisconsin and Purdue and the University of Indiana, and between Virginia Tech and Wake Forest Medical School.  Bioengineering consortia are being or have been formed in Minnesota, New Jersey, Connecticut, etc.  Even Johns Hopkins, whose highly successful graduate BME program has been located solely in the School of Medicine has recently invested, with the help of the Whitaker Foundation, in a $34 million effort to build a building, hire 12 faculty members and join their program with the BME program in the School of Engineering, which here-to-for have had little contact.

Thus, the time is right to strengthen the UNC educational system by implementing and supporting this joint program.  The history of joint programs mentioned has shown that procedural and administrative issues that will arise can be worked out with the help of committees when needed and that the proposed joint BME program can succeed.  If done properly, this will be a "win-win" situation for everyone involved.

2. OTHER INSTITUTIONS OFFERING SIMILAR PROGRAMS

Nationwide, there has been a dramatic growth in biomedical engineering programs over the last three decades.  Figure 1 shows the cumulative increase of BS and PhD programs in biomedical engineering, due in great part to the investments in educational infrastructure made by The Whitaker Foundation.  

[image: image1.wmf]0

20

40

60

80

1950

1960

1970

1980

1990

2000

2010

Year

Cumulative No. of 

Programs

BS

PhD

Figure 1. Ref: TR Harris compiled from: http://www.whitaker.org/glance/programs.html
In 2000, there were 14 public institutions offering BS degrees in Biomedical Engineering/Bioengineering and 25 offering graduate programs.  Table 1 highlights these programs in public institutions. Four of these are land grant universities (noted by an asterisk). In the University of North Carolina System, the current UNC-CH MS and PhD degrees in Biomedical Engineering are the only ones offered.  In North Carolina, the only other graduate BME degree program is offered at Duke University.  The Duke program (also included in Table 1) is highly rated nationally and can serve as a resource for our new joint program.  Citizens from North Carolina represent a minority of the Duke student population. Hence, expanding the current UNC-CH graduate BME program to include NC State will not have an adverse impact on Duke.

Table 1.  Biomedical Engineering Academic Programs at Public Institutions

	University
	Enrollment for Major
	Full Time Faculty
	Undergraduate/ Total Enrollment

	
	
	
	

	Rhode Island*
	212 BS;76 MS/PhD
	12
	9,200/11,000

	Rutgers*
	90MS/PhD
	9
	35,700/48,300

	Texas A&M*
	410 BS; 34 MS; 14 PhD
	5
	33,900/41,500

	Wisconsin, Mad.*
	New BS/MS/PhD programs
	11
	27,800/40,200

	
	
	
	

	Arizona State
	205 BSE; 41 MS; 14 PhD
	8
	42,000/47,000

	Calif., San Diego
	753 BS; 14; MS; 52 PhD
	10
	15,000/18,500

	Illinois, Chicago
	88 BS; 17 MS; 28 PhD
	17
	15,800/24,000

	Iowa
	170 BS; 29 MS, 33 PhD
	10
	18,800/27,900

	Louisiana Tech.
	170 BS; 6 MS; 14 PhD
	5
	8,000/9,500

	Michigan
	25 MS; 63 PhD
	30
	37,000/51,800

	Pittsburgh
	104 BS; 16 MS; 44 PhD
	12
	23,000/32,000

	Utah
	40 MS; 40 PhD
	39
	21,500/26,000

	Va Commonwealth
	16 MS; 6 PhD
	10
	16,300/22,700

	Wright State
	148 BS; 31 MS; 16 PhD
	8
	11,900/16,100

	
	
	
	

	Duke
	340 BS; 2 MS; 63 PhD
	12
	6,300/11,500

	UNC Chapel Hill
	7 MS; 64 PhD
	8
	15,300/24,100


3. CURRENT AND PROJECTED DEMAND FOR GRADUATES

The US Medical Technology Industry is very large business sector, with $78B in production each year, $17B of which is in exports.  The sector achieves a $7B annual trade surplus.  Its annual growth rate is 6%.  The sector has over 300,000 employees.  It is noteworthy to point out the over 80% of the 6,000 companies in this sector have 50 employees or less and about 10% of the annual  sector sales.  Research and development expenditures in the sector are about 13% of sales, over four times the US industrial average.  

The Labor Department's Bureau of Labor Statistics recently reported that the number of biomedical engineering jobs will increase by 31.4 percent through 2010 (http://www.bls.gov/oco/ocos262.htm), double the rate of all other jobs combined.  Overall, engineering jobs in general will grow by 9.4%.  In 2000, there were 7,000 biomedical engineering positions nationally, with one-third in medical instrumentation and supplies.  The median income was $57.5K.  The average starting salaries in 2001 was $47.9K for BS and $62.6K for MS students.

What is the environment in North Carolina?  The North Carolina Biotechnology Center publication “North Carolina's Biotechnology Community, 2002,” lists 156 biotechnology-related companies, 77 contract research and testing companies, and 223 supporting companies and nonprofit organizations. Many of these companies and organizations employ biomedical engineers in their workforce. The number of biomedical engineering related companies in North Carolina is increasing every year, and specifically in Research Triangle Park.  This growth provides a positive outlook for graduates of our new joint graduate program.

4. Opportunities for Research Support
Federal Support

In recent years, the US Government has set a high priority goal of reducing healthcare costs.  Biomedical engineering is a key player in the government’s strategy, with additional resources being allocated to new developments in technologies with healthcare applications.  These recent increased allocations are an intensification of trends that have been developing over the last several decades. So in the recent past, the biological and life science research programs of major research universities have experienced rapid growth. Even within the Engineering Directorate at NSF during the last six years, the Bioengineering and Environmental Systems Division has experienced the greatest percentage growth. Future trends in engineering research around the world will be directed towards merging three transcendent technologies: microelectronics, information science, and biotechnology.  There has been a recent explosion in information content decoded from the genomes of organisms and the molecular dynamics of proteins, made possible to a significant extent by recent advances in microelectronics as well as other advanced technologies. These successes have prompted recent increases in NIH, NSF, and DARPA budgets, indicating that the federal government plans to enlarge its investment in technology development during the foreseeable future.  An examination of recent announcements from all three agencies indicates that most of the new initiatives relate to the merger of science, engineering, and biotechnology.  NIH intends to fund major grants in biomedical engineering through its new National Institute of Biomedical Imaging and Bioengineering.  NSF announcements such as the recent “XYZ on a Chip” clearly verify its intention to foster the merger of engineering and the life sciences.  Over the last several years, DARPA has funded the development of a major new industry in “biochips” for DNA sequencing and analysis.  Clearly, if the State of North Carolina and the Research Triangle want to be a part of this expanding and exciting trend in research and development, efforts such as the proposed Joint Biomedical Engineering Graduate Program must be implemented, and the sooner the better.  Once our program is approved, within five years the Research Triangle would have the highest concentration of biomedical engineering specialists in the world.  Duke University has an existing BME graduate program of about 65 students (see Table 1).  We project our new program to support 80 graduate BME students at UNC-CH and 80 at NC State, making a combined total at the Triangle universities about 225.  This will be a powerful intellectual and economic incentive for medical device, pharmaceutical, and biotechnology companies to locate in RTP, NC.

Industrial Outlook

The worldwide market for medical devices is currently $120 billion with the US portion being $58 billion.  The product segments in the device market are commodity disposables, technology-intensive therapeutic devices, and imaging equipment.  Graduates of our proposed joint program will be prime candidates for joining existing and new startup device companies in North Carolina.  Having a nationally recognized biomedical engineering program of the size and quality that we are proposing will make the Research Triangle a preferred place for new startups in the device industry to establish themselves.  Other employers of biomedical engineers are the pharmaceutical and biotechnology industries.  These industries have already made the Research Triangle home. Our new biomedical engineering program will increase the availability of qualified professionals to keep these industries growing and contributing to the tax base of the State.

To emphasize the importance of joining the faculties of UNC-CH and NC State into a unified interdisciplinary program, consider a recent want ad by Orchid Computer. Orchid is a recent startup company in Silicon Valley, CA that makes biochips.  The company has experienced explosive growth and is a perfect example of the type of company that we want to attract to the Research Triangle.  There is a nationwide shortage of engineering talent trained to meet the needs of companies like Orchid.  Their latest want ad announced employment positions for experts in molecular biology, biochemistry, microfluidics, microfabrication, instrumentation, electrical engineering, mechanical engineering, chemistry, and physics.  Our new joint program will produce graduates who can fill multiple roles deemed critical by this new developing industry. For example, an undergraduate receiving a degree in mechatronics from NC State who enters our joint BME graduate program and specializes in instrumentation and microelectronics with electives in molecular biology and biochemistry, and whose research area is the development of a diagnostic chemistry lab on a chip employing microfluidics, would be able to fill any of the positions advertised in the want ad by Orchid.

Future Joint Research Center

Once the joint graduate program has been established, we expect to use the joint Track Committee collaborations and interactions to form the basis for new research initiatives.  A joint Biomedical Engineering Research Center with participants from both campuses will be formed to promote these new research initiatives. The center will invest some of its overhead return funding in preliminary studies that will form the basis for new grant applications to DARPA, NIH, NSF, and other funding agencies.  Within five years, we expect the faculty to be generating an average of $200,000 to $250,000 per year in research funding support through the Center.

Additional opportunities will arise to work with local, national, and international companies.  Many of the faculty members listed in our proposal are currently enjoying significant industrial support.  Through the generation of patents and other forms of intellectual property, license fees will be an increasing part of the support that this program produces.  At the ten-year mark, we expect the fees from patent royalties to be a major source of support for research equipment and facilities of the joint program.

Expansion of BME programs also provides an excellent opportunity to increase diversity in engineering enrollments because of the very high demand for biomedical engineering among women; BME now attracts a higher percentage of women, at all levels, than any other engineering discipline (http://www.whitaker.org/news/womenBME.html).  The American Society for Engineering education reported that in the Spring of 2000, 39% of BME BS graduates, 34% of BME MS graduates, and 32% of BME PhD graduates were women.  These trends indicate that the program will have a better gender balance than most traditional engineering programs that are male-dominated.

5. ENROLLMENT ESTIMATES

Table 2 illustrates the enrollment projections for the early years of the new program.  

Table 2. Cumulative Joint BME Graduate Program Enrollment Estimates.

	
	
	Year 1
	Year 2
	Year 3
	Continuing

	UNC-CH BME Existing

	
	MS
	7
	7
	7
	7

	
	PhD
	64
	64
	64
	64

	UNC-CH BME New

	
	MS
	2
	3
	4
	5

	
	PhD
	2
	4
	6
	8

	NC State Existing (transfers)

	
	MS
	5
	10
	10
	10

	
	PhD
	5
	10
	10
	10

	NC State New

	
	MS
	0
	15
	25
	30

	
	PhD
	0
	15
	25
	30

	Totals

	
	MS
	14
	35
	46
	52

	
	PhD
	71
	93
	105
	112


Appendix 1

Joint Biomedical Engineering Graduate Program

Administration and Curriculum

ADMINISTRATION OF THE JOINT BME GRADUATE PROGRAM

The Joint Biomedical Engineering Graduate Program will be administered by a combined BME graduate faculty from both institutions as depicted in Figure 1.  At UNC-CH, the campus Director of Graduate Studies will report to the Chair of the Department of Biomedical Engineering.  At NC State, the campus Director of Graduate Studies will report to the Dean of Engineering.  Appointments to the Graduate Faculty on each campus will be governed by the rules and regulations of that campus.

Reporting to the Directors of Graduate Studies will be a single Joint Admissions Committee.  This committee will apply the same admission requirements and standards to both campuses. Standards for admission of graduate students will be the higher of the two standards existing at the two campuses.   Recruiting of new graduate students into the program on both campuses will be coordinated within the Joint Admissions Committee.

The curricula of the program will be organized into seven tracks:

1) Digital Systems and Signal Processing

2) Instrumentation, Telemedicine, Microelectronics

3) Medical Imaging

4) Biofluids and Biomechanics

5) Biomaterials and Tissue Engineering

6) Biosystems Analysis

7) Biomedical Informatics

Each Track will be administered by a Joint Track Committee consisting of faculty in that specialization from each institution.  The campus Directors of Graduate Studies will make appointments to the track committees.
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Figure 1.  Joint Program Administration

REQUIREMENTS FOR THE MASTER'S DEGREE

For students with a strong engineering background a minimum of 30 semester hours of graduate study will be required for the M.S. Degree. Three hours must be in thesis and three hours must be in a course intended for graduate students only (the 700 level at NC State or the 200 level at UNC-CH).  Students may select one of seven specialty program tracks. Specific track recommendations are listed later in this document. An Advisory Committee chaired by a member of the joint BME graduate faculty will help the student develop a plan of study tailored to fit the students career goals.

Course credit can be transferred from institutions other than NC State and UNC-CH. Usually this is limited to two courses (six credit hours).  Permission for transfer credit must be obtained by a formal written appeal to the Director of BME Graduate Studies at UNC-CH or NC State as appropriate, who will then seek approval by the appropriate joint track committee.  Courses that are eligible for transfer should be equivalent to those available at UNC-CH or NC State. The criteria include the textbook used, the grade obtained, and the University at which the course was taken.

All students are required to take the Introduction to Biomedical Engineering Seminar (BMME 100 or equivalent at NC State).  All students are expected to take Laboratory Rotation in BME (BMME 300 or BMME 301 at UNC-CH or equivalent at NC State), Principles of Statistical Inference (BIOS 110 at UNC-CH or equivalent at NC State), and Physiology I and II (BMME 181/281 or BMME 151/251 at UNC-CH or equivalent at NC State). The student’s Advisory Committee in consultation with the course instructor may make exemptions from these courses. For example, Methods in Functional Genomics, and Molecular Biology and Genetics for Biomedical Engineers (BMME 151 and 251) can satisfy the Systems Physiology requirement.  Credit is not given for exempted courses. Therefore, other courses must be substituted in the program of study to replace the required hours. Prerequisites are required for many courses.  Exemptions from taking prerequisites may be obtained from the course instructor.

MASTER'S EXAMINATION

Students must pass the Comprehensive/Qualifying Exam at the Master's level. Students seeking a terminal Master’s degree may elect to take the exam at the Master’s level. The structure of this examination is defined in more detail later in this program description.

MASTER'S THESIS

The Master's Thesis should show the student's ability to conduct a research project from beginning to end, including the ability to clearly document his/her work.  For example, it may be a report on a series of experiments, or it may be the design and fabrication of an instrument for research or a mathematical or computer model of some aspect of a biological system.  For Master’s students, after the qualifying examination has been taken and passed at the Master’s level, the student and his/her advisor should jointly select a three (minimum) member committee. This committee will oversee the thesis proposal and research progress, approve the final thesis work and schedule the public oral presentation of the work. The committee shall include the advisor and two members approved in advance by the Graduate School. The committee shall include at least two faculty members holding primary, secondary (i.e., joint) or adjunct BME appointments, of which at least one must hold a primary or secondary BME appointment. The third committee member may be from outside of the BME Department. If the student has declared an official minor, however, the third committee member must be from that minor department. Usually the concept and design of these projects originate from a faculty supervisor, who is normally asked to be the chair of the Advisory Committee. If the research advisor does not hold a primary or secondary BME appointment, then a committee member holding a primary or secondary BME appointment must serve as a co-chair of the committee. All Committee members should be members of the Graduate Faculty; however, other qualified individuals may be selected if appropriate.  This requires special approval by the campus Director of BME Graduate Studies and the campus Graduate School.  Names of committee members should be submitted for approval to the Director of Graduate Studies early in the program of study. After completing the Master's Thesis, the student is required to report orally on her/his work at an appropriate seminar or other venue approved by his/her Advisory Committee. 

REQUIREMENTS FOR THE PH.D. DEGREE:

A minimum of 52 semester hours of graduate work is required (beyond the Bachelor's degree). The student must meet the Graduate School’s residency requirement at UNC-CH or NC State as appropriate. Students may select one of seven specialty program tracks. Specific track recommendations are listed later in this document.  An Advisory Committee chaired by a member of the joint BME graduate faculty will help the student develop a plan of study tailored to fit the student’s career goals.

A Ph.D. student may choose to create a special track for his/her Ph.D. Curriculum.  The student’s Advisory Committee and the campus Director of BME Graduate Studies must approve these special Plans of Study. The seven recommended tracks are described later in this document.  Additional courses may be required or desirable beyond the minimum load depending on the track chosen.

All students are required to take the Introduction to Biomedical Engineering Seminar (BMME 100 or its equivalent at NC State).  All students are expected to take Laboratory Rotation in BME (BMME 300 or BMME 301 or its equivalent at NC State), Principles of Statistical Inference (BIOS 110 or equivalent), and Systems Physiology I and II (BMME 181/281 or BMME 151/251 or equivalent).  Exemptions from these courses may be approved by the student's Advisory Committee in consultation with the course instructor.

Each Ph.D. student is encouraged to include a minor in his/her program of study.  This is a separate area of study that may relate to the main research topic.  The purpose of the minor is to broaden the student's educational experience.  A minor will consist of nine credit hours of classes for the M.S. degree and 15 hours for the Ph.D. degree.

All Ph.D. students are also required to have some teaching experience. Students aspiring to an academic career or a research career requiring presentation skills are encouraged to take advantage of teaching effectiveness programs and tools available on each campus.

During the first two years of study, a Ph.D. student should consider the selection of a research topic.  This selection should be made with deliberation since many hours of work will be required to complete a dissertation. Most often, students select the research area of the faculty member who originally provides them with financial support. Consequently, students and their Advisory Committees should consider their long-term research interests carefully before they accept these appointments.

DISSERTATION

The Ph.D. dissertation is a document whose purpose is to demonstrate that the candidate is capable of conducting original research.  The dissertation should demonstrate that the Ph.D. student has the ability to formulate a research problem, state why it is important, and put into perspective how his/her work fits in with current knowledge.  The dissertation must show the force of the logic behind the approach to the solution.  Finally, it must show the results clearly and state the new knowledge derived from the study.  The dissertation research must be of publishable work.

For doctoral students, after the qualifying examination has been taken and passed at the Ph. D. level, the student and his/her advisor should jointly select a five (minimum) member committee.  This committee will administer the written and oral portions of the Doctoral Examination, oversee the dissertation proposal and research progress, approve the dissertation and administer the final oral dissertation defense.  The committee should be one that can best advise the student on his/her research topic.   A majority of members must be BME Faculty.  The remaining members may come from other departments, other universities, and industry.  Qualified individuals who are not members of the campus Graduate Faculty may be appointed to the Advisory Committee by the campus Director of Graduate Studies with approval of the Graduate School. 

The committee is expected to include at least three faculty members who hold primary, secondary (joint) or adjunct BME appointments, of which at least one holds a primary or secondary BME appointment.  The committee is also expected to include one or two members who are from outside the BME Department.  If the research advisor does not hold a primary or secondary (joint) BME appointment, then a committee member who holds a primary or secondary BME appointment will serve as a co-chair of the committee.

EXAMINATIONS

Three examinations beyond the Qualifying Examination are required for the Ph.D. The student’s Advisory Committee administers these examinations.

The first is the Doctoral Written Examination. This covers all later course work beyond the Qualifying Examination. It is taken after the student has completed all course work.  It usually follows an informal presentation of the doctoral proposal to the committee in written and/or oral form.  The committee is free to ask any question on the written examination.  The purpose of the exam is to verify that the student is well grounded in the fundamental principles and research readings necessary to undertake research in his/her topic.

The Doctoral Oral Examination is taken soon after the Doctoral Written Examination.  The primary purpose of this examination is to determine if the student is prepared to do original research in his/her topic of choice. A short written prospectus of the student's proposed dissertation research should be formally submitted to the committee at least one week prior to this examination.  Upon successful completion of this examination, the Graduate School admits the student to candidacy for the doctoral degree.

The last examination is the Final Oral Examination.  This is the dissertation defense and is administered by the student's Advisory Committee.  This examination will be open to any member of the Graduate Faculty and will be announced beforehand to the BME Faculty on both campuses by the Chair of the student's Advisory Committee.  Students must conform to the Graduate School regulations regarding the Dissertation and Application for a Degree, as described in the Graduate School Handbook at UNC-CH or NC State.

TEACHING REQUIREMENT

Each Ph.D. student must demonstrate to their committee at or before their final defense that they have delivered at least four lectures before undergraduate or graduate classes. The course instructor should evaluate the student’s presentation and provide helpful feedback. Plans to meet the teaching requirement must be presented and approved by the Advisory Committee at the time of the Doctoral Oral Examination.

THE TEMPORARY ADVISOR AND THE ADVISORY COMMITTEE

When a student first enters the program, the campus Director of Graduate Studies will assign a temporary advisor.   This advisor will help with registration for the first semester, with development of a tentative Plan of Study, and with other matters of concern to the new student.

As soon as possible, an Advisory Committee Chair should be selected by mutual agreement between the student and the faculty member.  The student should inform the campus Director of Graduate Studies of his/her selection.  The Committee Chair will thereafter help the student with all necessary academic matters.  Any member of the campus BME Graduate Faculty may serve as Advisory Committee Chair.  A graduate student working for a BME faculty member as a Research Assistant will normally have that faculty member as their Committee Chair. In some cases, one or more Co-Chairs may be selected. These cases usually involve a student who is supported by a faculty member who is not a member of the campus BME Graduate Faculty.

The student or his/her Committee Chair may terminate the relationship without prejudice if either judges there is good reason to do so.  In this event, a new Committee Chair must be selected as soon as possible.

After a doctoral student has passed the qualifying examination at the Ph.D. level, the student and his/her Advisory Committee Chair should jointly select the members of the Advisory Committee. This committee will administer the written and oral portions of the Doctoral Examination, oversee the dissertation proposal and research progress, approve the dissertation and administer the final oral dissertation defense. The committee should consist of the Chair and at least four other members approved in advance by the Graduate School.  The committee is expected to have three or more members selected from the joint program BME Graduate Faculty and one or two additional members.  BME faculty members must constitute a majority of the committee members.  If a student’s primary research advisor is not a joint program BME Graduate Faculty member, a BME faculty member must be selected to serve as Committee Chair.

PLAN OF STUDY

Soon after an Advisory Committee Chair has been selected, a definitive Plan of Study should be prepared.  Before selecting a Chair and preparing the Plan of Study, the student should study the information on the different tracks and the structure of the qualifying examination.  Note that the joint BME program does not have a list of required courses.  Each student, with the help of his/her Committee Chair, will tailor his/her course plan so as to pass the five areas in the comprehensive examination.  The Plan should be approved by the faculty advisor and include the following: 

1)
COURSE WORK.  A definite schedule of graduate courses should be prepared for all semesters of planned attendance. The student and his Committee Chair may modify this schedule as time goes on, but all such modifications must be reported to the campus Director of Graduate Studies.

2) TARGET EXAMINATION DATES.  A list of proposed target dates for all required examinations should be generated.

3)
FOREIGN LANGUAGE FOR DOCTORAL STUDENTS.  The desirability of including foreign language proficiency in the plan is determined by the student and the Advisory Committee. 

4)
THESIS OR DISSERTATION RESEARCH PLAN.  A short paragraph describing the student's research area should be included as soon as this has been selected.  Whenever changes are made, they should be reported to the campus Director of Graduate Studies.

5)
RESEARCH LABORATORY EXPERIENCE.  All students are expected to obtain experience working in a research laboratory during their residence here.  This should be evident in their Plan of Study.

COMPREHENSIVE/QUALIFYING EXAMINATION

The joint BME Graduate Program has one examination that serves as the Comprehensive Examination for Masters students and the Qualifying Examination for Ph.D. students.  The exam is given in January and June.  All students are required to pass this exam.  Ph.D. candidates are expected to pass at a higher level.  Students are given several options on what questions to answer.  Before writing a Plan of Study, the student needs to consider carefully what questions he/she plans to answer in this exam.

The Examination is structured as follows:

REGISTRATION:  Students must register for the examination one month prior to the examination date. The student may withdraw from the exam by giving written notice to a member of the joint Exam Committee up to two weeks before the exam. Failure to take an exam for which the student is registered will be equivalent to failing the exam.

ALLOWED AIDS:  Pocket calculators or programmable calculators, pencils, ruler, paper and approved manuals are permitted.  Computers are not permitted.

TIME ALLOWED:  Nine (9) hours (from 8:30 am to 5:30 PM)

RULES:  The exam is divided into six areas.  These areas are listed below along with the associated courses.  Equivalent courses at NC State may also be used as exam preparation.

1) Life Science (outline given below)


BMME 181/281 or BMME 151/251, or equivalent
(1 question each)

2) Mathematics  (outline given below)


Material similar to that covered in MATH 128 and 129
(2 questions)

3) Instrumentation


BMME 111, or equivalent
(1 question)


PHYS 101, or equivalent
(1 question)

4) Computer Applications


BMME 120, or equivalent
(1 question)


PHYS 102, or equivalent
(1 question)

5) Engineering Analysis


BMME 121, or equivalent
(1 question)


BMME 132, or equivalent
(1 question)

6) Specialty Area


BMME 112/160  (Biomaterials)
(1 question)


BMME 141/142  (Medical Imaging)
(1 question)


BMME 170/171/270/271 (Medical Informatics)
(1 question)

Each student must submit one answer from the Life Science area and one answer from the Mathematics area.  In the other four areas, the student is required to select three different areas and answer only one question from each.  Five, and only five, answers must be submitted.  To pass at the Master's degree level, the student must receive passing grades at the Master's level in all five answers.  To pass at the Ph.D. level, the student must fulfill the requirements for the Master's level and in addition, pass three of the five questions at the Ph.D. level.  A student who fails the Comprehensive Examination at either level may retake the examination once.

Students preparing for this examination will have access to a syllabus for each course, to lists of topics covered in physiology and math questions, and to previous examinations.

SPECIAL Election for Terminal Master's DEGREE

Students may elect to take the exam at a level required for a terminal master's degree. This election should be made at the time the student registers for the exam. If the student makes this election then they answer only four questions. The questions answered include one each from the following two areas: (1) Life Science and (2) Mathematics. The remaining two questions must be from two different areas of the remaining four (Instrumentation, Computer Applications, Engineering Analysis, or Specialty Area). The student must pass all four questions at the Master's level. Passing the exam under this provision will not qualify as a pass at a level sufficient to pursue a Ph.D. In order to get a Ph.D., a student would be required to take the exam again and pass at a Ph.D. level. Note that a student is allowed only two attempts at the exam, regardless of whether they make this special election.

Students electing to take the exam at this level may petition the faculty to have a statistics question instead of one of the mathematics questions.  In addition, students with an appropriate doctoral degree may petition the faculty to be exempt from a question related to their previous degree. For example, a student with a MD degree may petition to waive the question in the Life Science area. These petitions should be made well in advance of the projected exam date. For an exam given in January, it is suggested that students make these petitions in the beginning of the preceding November. Time allowed to take the exam will decrease proportionally to the number of questions to be answered.

The joint graduate faculty will provide to the students suggested topics for each area.  Two examples (Sysytems Physiology and Mathematics) are given below:

PHYSIOLOGY TOPICS:

There will be one physiology question using material covered in a current textbook on general mammalian physiology.  The course BMME 181/281 or equivalent is appropriate preparation for this portion of the examination.  Typical topics for questions are: 

1)
Cell membrane biological transport and electrophysiology of excitable tissues.

2)
Cardiovascular physiology including electrophysiology, microcirculation, hemodynamics, peripheral circulation, mechanical, neural and hormonal regulation and control.

3)
Respiratory mechanics, gas exchange and transport and neural and chemical regulation and control.

4)
Renal function, body water and electrolyte composition and regulation.

5)
Autonomic nervous system characteristics, principal divisions, neurotransmitters, regulation of visceral function, homeostasis and negative feedback control.

5)
Physiology of skeletal muscle and neuromuscular reflexes and reflex mechanisms.

7)
Temperature regulation and glucose metabolism and regulation.

8)
The cell - its function, protein/DNA synthesis and genetic control.

MATHEMATICS TOPICS:

There will be one math question from material covered in a current textbook such as "Advanced Engineering Mathematics" by Erwin Kreyszig.  The course sequence MATH 128 and MATH 129 or equivalent is considered adequate preparation for this area, however the questions may or may not correspond to topics explicitly covered in the courses mentioned above.  Typical topics are:

1)
Linear algebra

2)
Differential equations

3)
Complex analysis

4)
Laplace transforms

5)
Fourier analysis

6)
Numerical analysis

PREPARATORY COURSES 

Students entering from disciplines other than engineering may find it necessary to take preparatory undergraduate and/or graduate level courses that serve as prerequisites for many of the courses in the seven track curricula. At UNC-CH, these prerequisite courses include:

Students taking BMME181 or BMME 151 need 6 credit hours of undergraduate biology or chemistry.

BIOL 45/62
(suggested, not required, preparation for BMME 181/151)

BIOC 100
(Training in Biochemistry is required for PHYI 140, not for BMME 181)

MATH 128
Math Methods for Physical Sciences I

MATH 129
Math Methods for Physical Sciences II

PHYS 101
Intro to Electronics I (suggested, not required)

PHYS 102
Intro to Electronics II (suggested, not required)

At NC State, these prerequisite courses include:

PHY 503
General Physiology I

PHY 504
General Physiology II

Note that several questions on the qualifying examination are based on these courses.  If a student plans to answer a question based on one of the above course, he/she should incorporate the course(s) into his/her Plan of Study.

ENGLISH LANGUAGE PROFICIENCY:

Since proficiency in the use of the English language is essential, all students (Masters and Doctoral) with GRE Verbal Scores of less than 550, or TOFEL scores less than 600, are expected to take courses in scientific or technical writing.

DIGITAL SYSTEMS AND SIGNAL PROCESSING TRACK

This track prepares the student to apply computer design and microprocessor interfacing techniques, as well as signal processing and system identification methodologies to develop digital logic and microcomputer systems for biomedical instrumentation and signal processing applications.  Courses are available in real-time programming, design of digital systems, digital signal processing, digital control, and optimal estimation and control.

Track Faculty:

UNC-CH: Johnson, Joshi, Lucas, Quint, Vaugn, Hsiao, Goldberg, Finley

NC State: Blanchard, Lalush, Nagle, Smith, Snyder, White

Research Opportunities:

This track promotes research into the use of computer systems in medical information processing. Research topics include the design and implementation of medical systems with embedded processors, the extraction of medically relevant information from real-time signals acquired from patients in critical care units, and the like. Funding to support the research in this track comes from NSF, NIH, and other extramural sources.  
Facilities:

At UNC-CH, space and equipment have been designated for electronic design and test, sensor integration and end-stage fabrication, digital signal processing and display, computer-aided electronic design and modeling, system modeling and simulation, and other related tasks.  In addition to these facilities, UNC-CH has associated laboratories where these tasks are performed as part of on-going medical and physiological research.  These include working electronics laboratories, computer modeling and simulation laboratories, integrated computer and physiological data collection, processing and display facilities, our ABCD facility (advanced biomedical computing and display), clinical data acquisition and analysis stations, etc.  Students have the opportunity to first learn the systems and the associated processing tasks in our laboratories and then improve their skills by experiencing the function and utility of these tasks in actual experimental and clinical settings.

At UNC-CH and NC State, there are networked Unix workstations and Windows NT networks with LabVIEW, MATLAB with Simulink, Mathmatica, ACSL and ANSYS applications, all with campus and Internet access.  Laboratories include digital control, signal processing, data acquisition and physiological system modeling and identification.

Recommended Curriculum:

MASTERS AND PH.D. COURSES:

	UNC-CH Courses
	NC State Courses

	BMME 100  Intro to Biomedical Engineering
	ECE 435  Feedback Control Systems

	BMME 106  Signals & Systems
	MAE 435  Digital Control Systems

	BMME 111  Biomedical Instrumentation 
	ECE 592U  Digital Control Systems

	BMME 120  Real-Time Computer Appls  I
	BMA 567  Modeling of Biological Systems

	BMME 121  Digital Signal Processing I
	BMA 771  Biomath I

	BMME 128  Anal & Synthesis Digital Systems
	BMA 772  Bio Math II

	BMME 132  Linear Control Theory
	ECE 713  Digital Signal Processing

	BMME 181 or BMME 151  Physiology I
	ECE 742  Neural Networks

	BMME 220  Real-Time Computer Appls II
	BMA 573  Modeling I

	BMME 223  Digital Signal Processing II
	BMA 574  Modeling II

	BMME 232  Digital Control Theory
	ST 501  Statistics

	BMME 233  Biomathematical Modeling
	

	BMME 281 or BMME 251  Physiology II
	

	BMME 300 or BMME 301  Laboratory Rotation in BME
	

	BMME 393  Masters Thesis
	

	BIOS 110  Statistical Inference
	

	MATH 128  Math Methods Phys Sciences I
	

	MATH 129  Math Methods Phys Sciences II
	

	PHYS 101  Intro to Electronics I
	

	PHYS 102  Intro to Electronics II
	


ELECTIVES FOR PH.D. STUDENTS:

	UNC-CH Courses
	NC State Courses

	BMME 220  Real-Time Computer Applications II
	ECE 759  Pattern Recognition

	BMME 223  Digital Signal Processing II
	ST 701  Experimental Statistics

	BMME 232  Digital Control Theory
	BMA 773  Stochastic Modeling

	BMME 233  Mathematical Modeling
	

	BMME 281  Systems Physiology II (take for 5 rather than 3 Hrs)
	

	COMP 233  Discrete Event Simulation I
	

	COMP 234  Discrete Event Simulation II
	

	COMP 236  Computer Graphics
	

	COMP 238  Raster Graphics
	

	COMP 254  Picture Processing & Pattern Recognition
	

	COMP 255  Neural Networks and Vision
	

	COMP 268  VLSI Systems Design
	


INSTRUMENTATION, TELEMEDICINE, MICROELECTRONICS TRACK

This track is designed to teach the methodology and principles used in designing medical instrumentation.  After taking background course in electronics, medical devices and physiology, students are encouraged to design new instruments and to conduct research using these new tools.

Track Faculty:


UNC-CH: Hsiao, Crowder, Finley, Johnson, Quint, Goldberg, Knisley



NC State: Nagle, Grant, Lalush, Liu, Ro, Wolcott

Research Opportunities:

This track promotes research into clinical instrumentation, sensors, telemedicine and microelectronic devices. Research topics might include sensors, transducers, patient monitoring devices, telemetry, microcomputer interfacing, and telemedicine devices to diagnose, monitor and treat patients remotely. Students are encouraged to work on project with clinical significance. Microelectronics topics might include design and fabrication of micro-miniature devices medical devices using VLSI design.  Funding to support the research in this track comes from NSF, NIH, and other extramural sources. 

Facilities:

Biomedical instrumentation laboratories are available at UNC-CH and NC State.  Students share project assignments.  These laboratories are “virtually” connected using Internet-based videoconferencing equipment.

A telemedicine laboratory is also available at UNC-CH.  This laboratory has active telemedicine projects with several medial clinics around the State.  Telemedicine consultations are available for pediatric cardiology, ultrasound, neonatal intensive care, emergency rooms, retirement homes in rural areas, burn unit, cerebral palsy and physical therapy, and pathology.  Students design telemedicine and system experiments using prototype units.

At NC State, students may build state-of-the-art sensors at the Biomedical Microsensors Laboratory (BMMSL).  This laboratory designs and fabricates microsensors for use in medical instrumentation.  Two microfabrication facilities are available - a class 1,000 laboratory in Daniels Hall, and a new class 100 laboratory in the Engineering Graduate Research Center on the NC State Centennial Campus.  Photomask generation, metal deposition by sputtering and evaporation, insulation layering by vacuum lamination and spin-coating, metal and insulator patterning by photolithography, and electroplating are but a few of the available capabilities.  Collaborations have been active in recent years with UNC-CH, Duke, Case Western Reserve, Indiana University - Purdue University Indianapolis (IUPUI), Tufts, Marquette Universities, and several industrial organizations. Past and current projects include:

•
2-D electrode arrays, fabricated on Kapton substrates

•
Ion-selective electrodes (pH, K, Ca, Na)

•
Electronic nose technology (arrays of gas sensors and signal processing)

•
Cell culturing instrumentation (electrodes on glass coverslips)

•
Biotelemetry for in-vivo measurements

•
Inductive powering of implanted electronics

•
Ultrasound flex connector

•
Miniature reference electrode

•
Interdigitated electrode arrays

•
Microfabricated carbon electrode arrays

•
Biosurvivability of implanted electronic devices

•
Enzyme activity sensors

Recommended Curriculum:

MASTERS AND PH.D. COURSES:

	UNC-CH Courses
	NC State Courses

	BMME 100  Intro to Biomedical Engineering
	CBS 860  Instrumentation for Pharmacology Research

	BMME 111  Biomedical Instrumentation
	ECE 520  ASICs Design

	BMME 120  Real-Time Computer Appls I
	ECE 592Y  Medical Instrumentation

	BMME 121  Digital Signal Processing I
	ECE 591M  Microsensor Engineering

	BMME 128  Anal & Synth Digital Systems
	ECE 592M  Biosensor Engineering

	BMME 181 or BMME 151  Physiology I
	ECE 703  Instrumentation Circuits

	BMME 201  Biomedical Instrumentation II
	

	BMME 220  Real-Time Computer Appls II
	

	BMME 231  Special Topics in Instrument Design
	

	BMME 281 or BMME 251  Physiology II
	

	BMME 300 or BMME 301  Laboratory Rotation in BME
	

	BMME 393  Masters Thesis
	

	BIOS 110  Statistical Inference
	

	MATH 129  Math Methods Phys Sciences II
	

	PHYS 101  Intro to Electronics I
	

	PHYS 102  Intro to Electronics II
	


ELECTIVES FOR PH.D. STUDENTS:

	UNC-CH Courses
	NC State Courses

	BMME 106  Systems and Signals
	ECE 704  Design for Testability

	BMME 107  Information, Modulation, Transmission and Noise
	ECE 711  Analog Electronics

	BMME 132  Linear Control Theory

BMME 154  Microelectrode Techniques
	ECE 712  Analog VLSI

	BMME 220  Real-time Computer Applications II
	ECE 733  Digital Electronics

	BMME 204  Solid State Theory and Fabrication
	ECE 746  VLSI Design

	BMME 232  Advanced Biological Control Theory
	

	PHYS 102  Intro to Electronics II
	

	PHYI 140  Cell and Organ System Physiology
	


MEDICAL IMAGING TRACK

The medical imaging track prepares interested students for a career in the field of modern medical imaging. Introductory and advanced courses in various aspects of medical imaging are offered within BME and the Departments of Computer Science at UNC-CH and NC State.

Track Faculty:

UNC-CH: Pizer, Falen, Fuchs, Ivanovic, Knisley, Lin, Macdonald, Pisano, Zar, 

NC State: Snyder, Krim, Lalush, Mair, Ozturk, Rajala, Trussell

Research Opportunities: 

At UNC-CH, current research interests include Emission Computer Tomography (ECT) and Magnetic Resonance Imaging (MRI) techniques, medical image reconstruction and processing algorithms, medical image evaluation, Monte Carlo simulation, medical image display and analysis, and biophotonics.  

At NC State, the Center for Advanced Computing and Communications supports graduate students working in a number of different imaging projects.  The Center is located in the Engineering Graduate Research Center on the Centennial Campus.  Collaborative research projects are underway with Duke University in Durham and the Wake Forrest University School of Medicine in Winston Salem. 

Facilities: 

At UNC-CH, facilities include a medical image-processing laboratory that consists of high-speed graphics computers and workstations, various imaging systems used in Radiology Departments in the Research Triangle area hospitals, a magnetic resonance spectroscope, a laser scanner fluoroscope, confocal and two-photon microscopes and a femtosecond pulsed laser laboratory for near-infrared imaging. 

At NC State, state-of-the-art computing equipment is also available for experiments.
Recommended Curriculum: 

MASTERS AND PH.D. COURSES:

	UNC-CH Courses
	NC State Courses

	BMME 100  Intro to Biomedical Engineering 
	ST 501  Statistics

	BMME 111  Biomedical Instrumentation
	ECE 547  Digital Signal Processing Architecture

	BMME 120  Real-Time Computer Appls I
	ECE 713  Digital Signal Processing

	BMME 121  Digital Signal Processing I
	ECE 742  Neural Networks

	BMME 132  Linear Control Theory
	ECE 758  Digital Imaging Systems

	BMME 141  Medical Imaging I
	ECE 759  Pattern Recognition

	BMME 142  Medical Imaging II
	ECE 764  Digital Image Processing

	BMME 181 or BMME 151  Physiology I
	

	BMME 223  Digital Signal Processing II
	

	BMME 281 or BMME 251  Physiology II
	

	BMME 300 oe BMME 301  Laboratory Rotation in BME
	

	BMME 393  Masters Thesis
	

	BIOS 110  Statistical Inference
	

	MATH 128  Math Methods Phys Sciences I
	

	MATH 129  Math Methods Phys Sciences II
	


ELECTIVES FOR PH.D. STUDENTS:

	UNC-CH Courses
	NC State Courses

	BMME 230  Numerical Methods in BME 
	ST 701  Experimental Statistics

	BMME 231  Fundamentals of Image Processing 
	MAT 711  Stereology

	BMME 252  Digital Nuclear Imaging
	MAT 712  Scanning Electron Microscopy

	BMME 253  Advanced Medical Image Processing
	MAT 715  Transmission Electron Microscopy

	COMP 205  Scientific and Geometric Computation
	MAT 723  Scanning Electron Microscopy

	COMP 235  Images, Graphics and Vision
	ECE 763  Computer Vision

	COMP 236  Computer Graphics
	BMA 773 Stochastic Modeling

	COMP 254/BMME 259  Image Processing and Analysis
	

	COMP 255  Computer Vision
	

	COMP 257  Visual Solid Shape
	

	PHYS 160  Quantum Mechanics
	

	PHYS 163  Applications of Quantum Mechanics
	


BIOFLUIDS AND BIOMECHANICS TRACK

The biofluids and biomechanics track is recommended to those having an engineering-sciences and mathematical background with a strong interest in biology.  At the Masters level, the track consists of the Master's Thesis, several basic core courses, and two or more advanced biofluids and/or biomechanics courses. At the Ph.D. level, the track is tailored to fit the student's specific interests via a wide selection of electives.

Track Faculty:

UNC-CH: Lucas, Kusy, Macdonald, Thompson, Weinhold, Banes

NC State: Kleinstreuer, Cormier, Harrysson, Hudson, Lubkin, Lyons, Mente, Mirka, Stikeleather, Strenkowski, Roe

Research Opportunities:

Research areas include computational techniques (control volume, finite elements, boundary elements, etc), particle-hemodynamics, air/aerosol mecahnics, tissue heat transfer, solids modeling, optimization, microelectromechanical systems (MEMS), and mechanical design methodology.  Developed and applied finite element techniques for finding large deflections of elasto-plastic structures, deisgn of micro-devices, and characterizing non-Newtonian viscolpastic flows.  Biomedical applications include virtual prototyping of branching blood vessels, simulstion of aerosol inhalation and respiratory delivery, microfluidics systems, arterial wall structure and transport phenomena, design of artificial knee joints, prosthetic devices, optimization of the magnetic field of an MRI machine, human gait analysis, and design of pharmaceutical devices.

Facilities:

At NC State, the Ergonomics Laboratory in the Industrial Engineering Department is equipped with equipment designed to understand biomechanical systems and how injuries to these systems can be prevented.  This equipment includes a ten-channel EMG system for capture of muscle activities, two Kin/Com Isokinetic Dynamometers for the measurement of human strength capacity and response to fatigue, two Bertec Force platforms for measuring whole body stability, various electrogoniometric systems for the measurement of lumbar and wrist kinematics, and various video based motion/posture analysis systems.

Supported by the Mechanical and Aerospace Engineering, there are Computer Labs in Broughton Hall (3197 and 3199) with four dual-processor SUN Ultra workstations, two DEC Alphas, two PCs, scanners, printers, etc., and an SGI O2.  Direct access to Cray supercomputers (T90 and T3E) at NCSC (Research Triangle Park).

Recommended Curriculum:

MASTERS AND PH.D. COURSES:

	UNC-CH Courses
	NC State Courses

	BMME 100  Intro to Biomedical Engineering
	MAE 510  Vibration

	BMME 102  Biomechanics
	BAE (CBS) 522 Mechanics of Biological Materials

	BMME 111  Biomedical Instrumentation 
	BMA 567 Modeling of Biological Systems

	BMME 112  Intro. to Biomaterials
	IE 589I  Human Centered Design

	BMME 120  Real-Time Computer Appls  I
	MAE 589I Intro to Computer-Aided Design

	BMME 160  Fundamentals of Materials
	MAE 589X Two-Phase Flow

	BMME 181 or BMME 151  Physiology I
	MAE 703 Advanced Fluid Mechanics

	BMME 235  Finite Element Analysis
	MAE 708  Convection Heat Transfer

	BMME 281 or BMME 251  Physiology II
	MAE 733  Finite Element Analysis I

	BMME 300 or BMME 301  Laboratory Rotation in BME
	MAE 734  Finite Element Analysis II

	BMME 393  Masters Thesis
	MAE 737  Composite Structures

	BIOL 155  Comparative Biomechanics
	IE 764  Occupational Biomechanics

	BIOS 135  Probability & Statistics
	IE 765  Musculoskeletal Mechanics

	BIOS 110  Statistical Inference
	IE 767  Upper Extermity Biomechanics

	MATH 128  Math Methods Phys Sciences I
	IE 768  Spine Biomechanics

	MATH 129  Math Methods Phys Sciences II
	BMA (ST, MA) 771 Biomathematics I

	PHYS 101  Intro to Electronics I
	BMA (ST,MA) 772 Biomathematics II

	PHYS 102  Intro to Electronics II
	BMA (ST,OR,MA) 773 Stochastic Modeling

	
	BMA (OR) 774 Partial Differential Equation Modeling in Biology

	
	MAE 777  Fluid Mechanics

	
	IE 796  Res. Practicum in Occupational Biomech.


ELECTIVES FOR PH.D. STUDENTS:

	UNC-CH Courses
	NC State Courses

	BMME 121  Digital Signal Processing I
	TC/CHE 769  Diffusion in Polymer Membranes

	BMME 132  Linear Control Theory
	MAE 701  Thermodynamics I

	BIOL 155  Comparative Biomechanics
	MAE 702  Thermodynamics II

	BMME 220  Real-Time Computer Applications II
	MAE 706  Convective Heat Transfer I

	BMME 235  Finite Element Analysis
	MAE 707  Convective Heat Transfer II

	PHYS 203  Classic Dynamics
	MAE 709  Radiative Heating

	PHYI 202, 203 or 204  Advanced Physiology
	MAE 730  Plasticiticy

	PHYT 200  Scientific Basis of Human Motion
	MAE 736  Photoelasticity

	PHYT 291  Analysis of Human Motion
	MAE 760  Computational Fluid Mechanics I

	
	MAE 766  Computational Fluid Mechanics II

	
	MAE 774  Real Fluids I

	
	MAE 775  Real Fluids II


BIOMATERIALS AND TISSUE ENGINEERING TRACK

Biomaterials is a traditional discipline within Biomedical Engineering that integrates biology, materials science and engineering, mechanics, computer science, electronics, and mathematics. Tissue engineering is an emerging field that combines biomaterials and living cells to build matrices of artificial tissue for medical applications. The biocompatibility of materials, the design of implants, the testing of novel materials, and the form and function of therapeutic tissues and devices are some of the areas embraced by this track.

Track Faculty:

UNC-CH: Kusy, Banes, Hickey, Johnson, Macdonald, Reid, Thompson, Weinhold, Yu

NC State: McCord, Balik, Cuomo, Gupta, Hren, Koch, Rigsbee, Russell

Research Opportunities:

This track addresses not only medical research questions, but also dental medicine, sports medicine, and public health issues.  

Facilities:

At NC State, extensive facilities are available to students in the Materials Science and Engineering Department.  Example capabilities include 1) microstructural analysis facilities (atomic-level resolution using transmission electron microscopy and atomic force microscopy, image analysis and digital microscopy, x-ray photoelectron spectroscopy and Auger electron spectroscopy, secondary ion mass spectroscopy), 2) mechanical testing facilities (tensile, compression, fatigue, film adhesion), and 3) materials fabrication facilities (thin-film physical vapor deposition and sputtering).

At UNC-CH, facilities available to the student include a laboratory for biological preparation, materials preparation, mechanical testing, analytical instrumentation, microscopy, electronics, and computation.  Faculty members, who are involved in ongoing research projects in these areas, staff each of these laboratories.

Under the direction of Dr. Kusy, the Biomaterials Laboratory (2,000 ft2) is located in the Dental Research Center Building, one of five buildings that constitute the School of Dentistry at the University of North Carolina. Located in the Biomaterials laboratory are the Instron machine (Canton, MA) and associated instrumentation for resistance to sliding and tensile test measurements, the Kentron microhardness tester (Peekskill, NY) for Vickers hardness measurements, the UNC laser specular reflectometer (Chapel Hill, NC) for optical roughness measurements, and the Silicon Graphics O2 Computer (Mountainview, CA) and associated ANSYS software (Cannonsburg, PA) for finite element analyses.  Also available are 266 MHz and 300 MHz DELL Computers for statistical analyses, drawing, photo-enhancements, and word-processing.  An array of other analytical instruments are available including thermal analyses equipment (DTA DSC, TGA, DEA, TMA, and DMA), elemental analyses (CHNOS), chromatography (GPC/HPLC), molding (compression, transfer, injection, and pultrusion), viscosity (capillary and cone & plate), grinding and polishing equipment (belt sander, rotating laps, vibrating laps, diamond cut-off wheels, and mounting dies), weighing balances, vacuum equipment (glassware outfitted with turbo-molecular or diffusion pumps and backed-up with mechanical roughing pumps), and optical microscopy (transmission, reflection, and polarized light).  In adjacent laboratories are a SEM, TEM, STEM, AFM, and AAS.

Dr. Thompson’s research laboratory at UNC-CH is equipped for conventional physical, chemical, and mechanical testing.  Mechanical testing equipment includes an Instron Model 4411 Universal Testing Machine with Testworks Version 3.08 software for advanced control and data collection, two 4-station fatigue/wear testing machines, and a 10-station toothbrush abrasion testing machine.  In addition, the laboratories include a thermocycler, a Deltech high temperature (1700(C) furnace, two Thermolyne high temperature (1200(C) furnaces, one vacuum oven, one drying oven, two large capacity incubators, two Buehler Isomet low-speed diamond saws, one Buehler Vibromet automatic polisher, one Buehler Metaserv 2000 metallographic polisher, one Buehler Ecomet metallographic polisher, two Buehler Handimet roll grinders, one Ohaus Model AP310 precision analytical balance, one Denver Instruments Model XL-3100D analytical balance,  two Mettler analytical balances, and a fume hood.  Major analytical equipment includes a Park Scientific AutoProbe CP AFM (atomic force microscope) and a Federal Products Surfanalyzer 5000 surface profilometer.

Dr. Weinhold’s laboratory resources are housed in 500 sq.ft of laboratory space, and include an Instron 8500 servohydraulic materials testing machine with digital controller and an additional interface to a PC with Instron Series IX testing software installed; 5500, 55, 5lb resistive load cells; ( 1/8 inch precision gage head LVDT displacement transducer and signal conditioning unit; (1.5 mm miniature DVRT displacement transducer and signal conditioning unit; a 10mV/g & 100mV/g piezoelectric accelerometers with signal conditioning units; a portable SCXI data acquisition (12 bit ADC) and signal conditioning unit (National Instruments Inc., Austin, TX, SCXI 1200,1000, 1140) with 8 differential simultaneous sample and hold inputs having software selectable gain and anti-alias filtering that is interfaced to a laptop PC (120MHz Pentium) containing Labview 4.0 Graphical Programming Software (National Instruments Inc., Austin, TX) for controlling data acquisition and processing; 2 dissecting microscopes; refrigerator/freezer; two sinks; fume hood; 2 speed band saw; drill press; strain gauge signal conditioning instrumentation & supplies; 2 oscilloscopes; lab bench workspace; low & high voltage power supplies; 2 signal generators; digital multimeter; surgical instruments; calibration weights; hand drills; metal and plastic stock; hand tools; and various electronic supplies are all present in this lab.

Recommended Curriculum:

The biomaterials and tissue engineering track is recommended to those having a biology, engineering-physical sciences, or mathematics background.  At the Masters level, the track consists of the Master's Thesis, several basic core courses, and two or more advanced biomaterials courses.  For those who have a life sciences or mathematics background, the basic courses include introductory electronics (PHYS 101 and 102 at UNC-CH or similar at NC State) and materials science (BMME 160 at UNC-CH or similar at NC State) in order to introduce students to the fundamental principles used in biomaterials. At the Ph.D. level, the track is tailored to fit the student's specific interests via a wide selection of electives.

MASTERS AND PH.D. COURSES:

	UNC-CH Courses
	NC State Courses

	BMME 100  Intro to Biomedical Engineering
	TE 566  Polymeric Biomaterials

	BMME 111  Biomedical Instrumentation
	BAE 585  Bioelectricity

	BMME 112  Intro. to Biomaterials
	TC 704  Formation of Fibers

	BMME 120  Real-Time Computer Appls  I
	TMS 761  Mechanics of Fibers


	BMME 160  Fundamentals of Materials
	TMS 762  Physical Properties of Fibers

	BMME 181 or BMME 151  Physiology I
	MAT 700  Modern Concepts in Mat. Sci.

	BMME 212  Advanced Biomaterials
	MAT 701  Diffusion and Mass Transport

	BMME 235  Finite Element Analysis
	MAT 705  Mechanical Behavior

	BMME 260  Biomaterials Instrumentation
	MAT 706  Phase Transformations

	BMME 281 or BMME 251  Physiology II
	MAT 707  Chemical Concepts

	BMME 300 or BMME 301 Laboratory Rotation in BME
	MAT 708  Thermodynamics

	BMME 393  Masters Thesis
	MAT 710  Crystallography nad DIFFR

	BIOL 155  Comparative Biomechanics
	MAT 741  Corrosion

	BIOS 135  Probability & Statistics
	MAT 751  Thin Films I

	BIOS 110  Statistical Inference
	MAT 752  Thin Films II

	MATH 128  Math Methods Phys Sciences I
	MAT 762 Physical Chem of Polymers I

	MATH 129  Math Methods Phys Sciences II
	MAT 772  Physical Chem of Polymers II

	PHYS 101  Intro to Electronics I
	MAT 763  Characterization of Poplymers

	PHYS 102  Intro to Electronics II
	MAT 775  Structure of Polymers


ELECTIVES FOR PH.D. STUDENTS:

	UNC-CH Courses
	NC State Courses

	BMME 121  Digital Signal Processing I
	CBS 810  Orthopedics and Engineering

	BMME 132  Linear Control Theory
	ECE 591M  Microsensor Engineering 

	BIOL 155  Comparative Biomechanics
	ECE 592M  Biosensor Engineering 

	BMME 220  Real-Time Computer Appl. II
	CHEM 769  Diffusion in Polymer Membranes

	BMME 235  Finite Element Analysis
	MAT 712  Scanning Electron Microscopy

	PHYS 203  Classic Dynamics
	MAT 715  Transmission Scanning Microscopy

	PHYI 202, 203 or 204  Advanced Physiology
	MAT 753  Adv. Mechanical Properties

	PHYT 200  Scientific Basis of Human Motion
	

	PHYT 291  Analysis of Human Motion
	


BIOSYSTEMS ANALYSIS TRACK

The Biosystems Analysis track is the application of engineering signal processing, systems analysis and mathematical modeling methods to the understanding of physiological systems. The Biosystems Track prepares a student for research in mathematical modeling, systems analysis and system identification techniques applied to biological systems.

Track Faculty:

UNC-CH: Quint, Cascio, Favorov, Ha, Johnson, Knisley, Lucas, Tommerdahl, Whitsel

NC State: White, Blanchard, Lubkin, Nagle, Smith

Research Opportunities:

The student has a wide range of research topics from which to choose, ranging from signal processing algorithms for biomedical instrumentation to mathematical modeling and simulation of physiological systems. 

Facilities:

Many research laboratories in the School of Medicine at UNC-CH and the College of Veterinary Medicine at NC State are currently involved in projects related to biosystems analysis.  Computer facilities are abundant, including micro and minicomputers as well as larger mainframes equipped with software packages that will assist with systems design and simulation.

Recommended Curriculum:

Course work includes Control Theory, Digital Signal Processing, Mathematical Modeling and Simulation plus sufficient statistics to enable solution of inverse problems and quantitative assessment of model appropriateness. Elective courses applicable to students in this track are in the Departments of Mathematics and Biostatistics at UNC-CH and the Biomathematics Graduate Program at NC State, which are nationally recognized as outstanding programs.

MASTERS AND PH.D. COURSES:

	UNC-CH Courses
	NC State Courses

	BMME 100  Intro to Biomedical Engineering 
	ECE 435  Feedback Control Systems

	BMME 111  Biomedical Instrumentation 
	MAE 435  Digital Control Systems

	BMME 120  Real-Time Computer Appls  I
	BAE 585  Bioelectricity

	BMME 121  Digital Signal Processing I
	ECE 592U  Digital Control Systems

	BMME 128  Anal & Synth Digital Systems
	BMA 567  Modeling of Biological Systems

	BMME 132  Linear Control Theory
	BMA 771  Biomath I

	BMME 181 or BMME 151  Physiology I
	BMA 772  Bio Math II

	BMME 220  Real-Time Computer Appls II
	ECE 716  Control System Engineering

	BMME 223  Digital Signal Processing II
	ECE 742  Neural Networks

	BMME 232  Digital Control Theory
	BMA 573  Modeling I

	BMME 233  Biomathematical Modeling
	BMA 574  Modeling II

	BMME 281 or BMME 251  Physiology II
	ST 501  Statistics

	BMME 300 or BMME 301  Laboratory Rotation in BME
	ECE 791N  Parallel, Distributed, Adaptive Systems (Natural and Man-Made)

	BMME 393  Masters Thesis
	

	BIOS 110  Statistical Inference
	

	MATH 128  Math Methods Phys Sciences I
	

	MATH 129  Math Methods Phys Sciences II
	

	PHYS 101  Intro to Electronics I
	

	PHYS 102  Intro to Electronics II
	


ELECTIVES FOR PH.D. STUDENTS:

	UNC-CH Courses
	NC State Courses

	BMME 102   Introduction to Biomechanics
	ECE 759  Pattern Recognition

	BMME 103   Introduction to Bioelectricity

BMME 154   Microelectrode Techniques
	ST 701   Experimental Statistics

	BMME 222   Hemodynamics
	BMA 773  Stochastic Modeling

	BMME 223*  Digital Signal Processing II
	ECE 713  Digital Signal Processing

	BMME 230*  Numerical Methods
	ECE/MAE/TE 717  Multivariate Linear Systems

	BMME 235*  Finite Element Analysis
	

	BMME 281*  Systems Physiology II (take for 5 rather than 3 Hrs)
	

	BMME 282  Info Processing in Somatosensory Nervous System
	

	MATH 157  Numerical Linear Algebra
	

	MATH 166  Numerical Methods for Actuaries
	

	BIOS 145  Principles of Experimental Analysis
	

	PHSY 151 or MASC 151  Fluid Dynamics
	

	PHYI 140  Cell/Organ Physiology
	

	MASC 152  Marine Systems Modelling
	


*Highly Recommended for Ph.D. Degree

BIOMEDICAL INFORMATICS TRACK

The field of biomedical informatics deals with the concepts and principles underlying acquisition, processing, and presentation of information in support of biological research and medical practice and education.  It is closely related to the field of bioinformatics that is concerned with genomic science.  The biomedical informatics track has evolved from an earlier joint program between UNC-CH and Duke University.  In 1992, a training grant from the National Library of Medicine awarded jointly to Duke and UNC established the Duke-UNC Medical Informatics Training Program.  This grant placed in the Research Triangle area one of the ten federally sponsored medical informatics training programs in the country, and the only such program in the southeast.  More recently, the program has been expanded through ties to the NC State Bioinformatics program, prompting a renaming of the track from medical to biomedical informatics, to more accurately reflect its current focus. Students seeking degrees in other departments or schools such as nursing, public health, and information science can take a formal minor in medical informatics.  At NC State, students are supported by various research projects in the College of Engineering and the College of Agriculture and Life Science.  There have been four UNC medical informatics core courses (BMME 170, 171, 270 and 271), and there are two NC State bioinformatics core courses (BI 501, 502).  Many additional pertinent courses are also offered at NC State, UNC-CH, and Duke University, and it is expected that students will take some of their coursework at these sister institutions through cross-registration (interinstitutional credits). 

Track Faculty:

UNC-CH: Magnuson, Chaney, Hammond, Hsiao, Lucas, Pizer, Rosenman, Wildemuth, Giddings, Fenstermacher, Tropsha 
NC State: Weir, Bahler, Bitzer, Davidian, Dwyer, Jones, Lalush, Muse, Singh, Tharp, Thorne, Tsiatis, Vouk, Zeng

Research Opportunities:

The research interests of the faculty span a wide range of topics, with major emphasis on:

•
Development of clinical data and knowledge bases, and the presentation of information from these resources so as to affect positively medical decision making;

•
Applications of advanced image-processing techniques to diagnosis and treatment planning;

•
Studies of the reasoning processes of clinicians and the impact of information technology on patient care;

•
Development of statistical techniques to allow inferences to be drawn from clinical trials and from studies on the genetic bases for human disease;

•
Application of advanced information technology to education in the basic and clinical sciences;

•
Evaluation of medical images using decision theory, observer studies, and ROC analysis.

Recommended Curriculum:

Students selecting the Biomedical Informatics track are expected to have a basic understanding of statistical methods, advanced calculus (a three-semester sequence), and knowledge of a high-level computer programming language.  Students without this knowledge will need to take appropriate background courses, such as MATH 128 (UNC-CH) or MA 511 Advanced Calculus (NC State), ST 501 Experimental Statistics for Biological Sciences (NC State), and/or CSC 114 Introduction to Computing - C++ (NC State). 

MASTERS AND PH.D. COURSES:

	UNC-CH Courses
	NC State Courses
	Duke Courses

	BMME 100  Intro to Biomedical Engineering 
	CSC 501  Operating Sys. Principles
	BME 241 Artificial Intell. in Medicine

	BIOS 110  Statistical Inference
	BI 501  Bioinformatics I
	BME 399 Computer-based Patient Records

	BMME 111 Biomedical Instrumentation
	BI 502 Bioinformatics II
	BME 399 Medical Info.&Computer Rep.

	BMME 120  Real-Time Computer Appls I
	CSC 505 Algorithms
	BME Networking

	BMME 170  Intro to Medical Informatics (joint Duke/UNC)
	ST 512R  Exp. Statistics for Biological Sci. II
	

	BMME 171 Medical Information Systems
	CSC 520  Artificial Intelligence I
	

	BMME 181 or BMME 151 Physiology I
	CSC 541 Advanced Data Structures
	

	COMP 230 Database Management Systems
	CSC 557  Multimedia Technology
	

	INLS 256 Database Systems
	GN 701 Molecular Genetics
	

	INLS 257 User Interface Design
	GN 735 Intro. to Genomic Science
	

	BMME 270 Research & Evaluation Methods in Medical Informatics
	CSC 742 Database Mgt. Systems
	

	BMME 271 Clinical Reasoning & Decision Making
	ST/GN 721 Genetic Data Analysis
	

	BMME 272 Database Application Development
	ST/BMA 771 Biomathematics I
	

	BMME 281 or BMME 251 Physiology II
	ST/BMA 772 Biomathematics II
	

	BMME 300 or BMME 301 Laboratory Rotation in BME
	
	


ELECTIVES FOR PH.D. STUDENTS:

	UNC-CH Courses
	NC State Courses

	BMME 121 Digital Signal Processing I
	CSC 510  Software Engineering

	BMME 141, 142 Medical Imaging I and II
	CSC/ECE 570 Computer Networks

	COMP 254 Picture Processing & Pattern Recognition
	CSC/ECE 571 Telecommunications

	COMP 255 Computer Vision
	CSC/ECE 572 Computer Communications

	EDCI 211 Instructional Systems Development
	CSC/ECE 777 Telecommunication Networks

	
	CSC 714 Real-Time Computing

	
	CSC 720  Artificial Intelligence II

	
	ST/GN 756 Computat. Molecular Evolution

	
	ST/GN 757 Statical Methods for Genetic Mapping


Appendix 2

Anticipated Management Procedures


A number of procedural and practical issues have been anticipated.   The proposals listed below will be subject to committee and administration approval.  Unanticipated issues will be worked out by joint faculty committees and upper level administrative supporters of the joint program.


Leadership of the joint program will be initially shared at both campuses while issues will be identified and solutions will be discovered and approved.  Faculty will answer to the leadership on their respective campus. Standards (and processes when possible) for promotion of BME faculty will be the same for BME faculty members on the two campuses.  Issues that come to the BME faculty for approval will require majority passage by the subsets of voting faculty on each campus. 

Graduation requirements will satisfy the requirements of the graduate school on the campus at which the student resides.  Decisions on any student questions for which a policy statement does not exist will be made by the Directors of Graduate Studies on the two campuses.  Attempts will be made to coordinate the BME departmental policies on both campuses with the goal of making them uniform.  Fellowships, in-state tuition and residency will be available on both campuses.  It is expected that special term parking permits will be available for students commuting between campuses to take courses or perform research.  It is thought that the degree will be awarded with a joint diploma containing seals of both universities.  The enrollment increases that we anticipate as outlined on page 12 can only be realized with new resources including space.  Since Provosts Cooper and Shelton on both campuses support this initiative, we expect these resources will become available.

Administration of research funds will be handled according to the rules on each campus by the grant’s principal investigator. The distribution of indirect cost returns will be specified in internal processing forms of each grant application and will be negotiated by the Department Chairs/Heads of each faculty member participating in the research grant.

Hiring recommendations will be made by a faculty recruitment committee consisting of an equal number of BME primary faculty members from each campus.  Offer letters will be subject to approval by the Dean of Engineering at NCSU and the Dean of Medicine at UNC.  Faculty salaries will be consistent with the existing standards on each campus.  

Appendix 3

Biomedical Engineering Course Descriptions

UNC BME COURSE DESCRIPTIONS

COURSES FOR GRADUATES AND ADVANCED UNDERGRADUATES

BMME 100 INTRODUCTION TO BIOMEDICAL ENGINEERING (1) Seminar introducing students to biomedical engineering research, including literature search, faculty presentation of ongoing research, and student discussion of research papers. FALL, STAFF.

BMME 102 BIOMECHANICS (3) Prerequisites:  Physics 26, MATH 83 or equivalent, and permission of the  instructor. Fundamental  principles of solid and fluid mechanics applied to biological systems.  Human gait analysis, joint replacement, testing techniques for biological structures and viscoelastic models are presented.  Papers from the current biomechanics literature will be discussed.  FALL, WEINHOLD

BMME 106 SYSTEMS AND SIGNALS (3). Prerequisite: Physics 101 and permission of the instructor.  Analysis of linear systems by transform methods to networks, including stability analysis.  Survey of numerical methods for network solutions.  SPRING, QUINT.

BMME 107 INFORMATION, MODULATION, TRANSMISSION AND NOISE (4). Prerequisite: Physics 101 and permission of instructor. Modulation and demodulation of signals using AM, FM, and PM. Practical applications are studied. FALL, GOLDBERG.

BMME 111 BIOMEDICAL INSTRUMENTATION I (4) Topics basic electronic circuit design, analysis of medical instrumentation circuits, physiologic transducers (pressure, flow, bioelectric, temperate and displacement). This  course  includes a laboratory where the student builds biomedical devices.  SPRING, HSIAO.

BMME 112 BIOMATERIALS (3).  Chemical, physical, engineering and biocompatibility aspects of materials, devices or systems for implantation in, or interfacing with, the body, cells or tissues.  Food and Drug Administration and legal aspects.  FALL, KUSY.

BMME 120 REAL-TIME COMPUTER APPLICATIONS I (4) Prerequisite: Computer Science 14. Introduction to digital computers for on-line, real-time processing and control of signals and systems. Programming analog and digital input and output devices using C and assembly language is stressed.  Case studies are used as vehicles to present software design strategies for real-time laboratory systems.  FALL, GOLDBERG

BMME 121 DIGITAL SIGNAL PROCESSING I (3). Prerequisite: Computer Science 14 or equivalent.  This is an introduction to methods of automatic computation of special relevance to biomedical problems.  Sampling theory, analog-to-digital conversion and digital filtering, will be explored in depth.  SPRING, LUCAS.

BMME 128 ANALYSIS AND SYNTHESIS OF DIGITAL SYSTEMS (4). Prerequisites:  Physics 101 and 102, and permission of instructor.  Application of Boolean algebra to the analysis and synthesis of switching circuits; asynchronous and synchronous machines, programmed logic arrays, and fault tolerant design. Includes 2 hours laboratory per week. FALL, QUINT.

BMME 129 DIGITAL SYSTEM DESIGN AND APPLICATIONS (3). Prerequisite:  BMME 128. Provides a thorough grounding in the use of semi-custom CMOS gate arrays to implement both analog and digital functions.  Computer aided design tools are employed for circuit design and modeling, automatic test pattern generation, fault simulation and design for testability. ON DEMAND, STAFF.

BMME 132 LINEAR CONTROL THEORY (4). Prerequisite or Corequisite: MATH 128 or equivalent.  Linear control system analysis and design are presented.  Frequency and time domain characteristics and stability are studied. These techniques are applied in a included laboratory. FALL, JOHNSON.

BMME 141 MEDICAL IMAGING I (3). Prerequisites: Math 34, Physics  28.  Basic physics of x-radiation, gamma radiation, nuclear magnetic resonance, and ultrasound are applied to medical imaging problems.  Digital electronics, radiation interaction and detection, image analysis and counting statistics are treated.  ON DEMAND, STAFF

BMME 142 MEDICAL IMAGING II (3). Prerequisite: BMME 141. Modern medical diagnostic imaging techniques and instrumentation are studied, including classical and digital radiography, computed tomography, nuclear medicine, magnetic resonance, and ultrasound, including discussion of clinical utility.  ON DEMAND, STAFF

BMME 151 FROM GENES TO TISSUES: MOLECULAR BIOLOGY AND GENETICS FOR BIOMEDICAL ENGINEERS (4) Prerequisites: undergAn introduction to molecular, cell, and tissue biology for BME students covering molecular genetics, gene expression, self assembling mechanisms, metabolism, bioenergetics, cell organelles, regulation of growth and differentiation, and signaling. FALL, MACDONALD, REID
BMME 153 BIOMATHEMATICAL MODELING I (3) Prerequisites: Engineering level mathmatics, eg. MATH 83, 128. Carious approaches to mathematical modeling of biological systems will be considered. The major focus at the cellular level will be expanded to include examples in organs, organisms and population. FALL, LUCAS

BMME 154 MICROELECTRODE TECHNIQUES (4) Prerequisites: Physics 101 and Bio 11 or equivalent. Methods for measurement of cellular transmembrane voltages with microelectrodes are introduced. Basic & technical aspects of the measurements are described. Students fabricate microelectrodes and measure action potentials in living cells. SPRING, KNISLEY 

BMME 160 FUNDAMENTALS OF MATERIALS ENGINEERING (3). The structure, defects, thermodynamics, kinetics and properties (mechanical, electrical, thermal, and magnetic) of matter (metals, ceramics, polymers and composites) will be considered.  FALL, THOMPSON.

BMME 181 SYSTEMS PHYSIOLOGY FOR BIOMEDICAL ENGINEERS (5). Prerequisetes: Six hours of undergraduate Biology or Chemistry and permission of instructor. The purpose of this course is to provide a graduate level introduction to systems and organ physiology.  In the first semester topics covered will include membrane structure and physiology, muscle physiology, central neural systems, cardiac electrophysiology and endocrinology.  FALL, TOMMERDAHL

COURSES FOR GRADUATES

BMME 201 BIOMEDICAL INSTRUMENTATION II (3). Prerequisite: BMME 111, or permission of instructor.  The fundamentals of interfacing microprocessor and microcomputers with physiological transducers.  Practical circuit design problem are presented with biomedical applications.  This course includes a laboratory and individual student projects.  FALL, HSIAO.

BMME 212 ADVANCED BIOMATERIALS (3). Prerequisite, BMME 112 or permission of Instructor.  Medical or dental implants or explants are highlighted from textbooks, scientific literature and personal accounts.  SPRING, KUSY.

BMME 220 REAL-TIME COMPUTER APPLICATIONS II (3). Prerequisite: BMME 120, BMME 111.  Problems of interfacing computers with biomedical devices and systems are studied.  Students collaborate to develop a new biomedical instrument. Projects have included process control, data acquisition, disk system interfaces, and DMA interfaces between interconnected computers.  SPRING, STAFF

BMME 222 HEMODYNAMICS (3). Prerequisite: BMME 102 and Physiology 140 or equivalents.  The dynamics of blood flow in blood vessels is studied from the standpoint of modern continuum mechanics.  Mathematical models of cardiac action and cardiovascular regulation are included.  FALL (ON DEMAND), LUCAS.

BMME 223 DIGITAL SIGNAL PROCESSING II (3). Prerequisites: BMME 121, MATH 128, and BMME 132 or equivalent.  Advanced techniques for analyzing biomedical systems and signals are presented, including signal characterization, pattern recognition, and parameter estimation.  Examples from biomedical literature are studied.  SPRING, QUINT.

BMME 230 NUMERICAL METHODS (3). Prerequisite:  Math 34.  Theory and applications of numerical differential and integral equations, multiparameter minimization, Monte Carlo methods.  Oriented towards computer solutions of engineering problems.  FALL (ALTERNATE YEARS), FREY.

BMME 231 SPECIAL TOPICS (Hours to be arranged). Prerequisite: Permission of the instructor.  Special library and/or laboratory work on an individual basis on specific problems in biomedical  engineering  and biomedical mathematics.  Direction of students will be on a tutorial basis, and subject matter will be selected on the basis of individual needs and interests. FALL AND SPRING, STAFF.

BMME 232 DIGITAL CONTROL THEORY (3). Prerequisite:  BMME 132 or equivalent. Discrete time systems performance and stability are represented in the time and frequency domains.  Series compensation and state variable design techniques are studied.  Student projects include discrete time control designs, simulations and implementation using laboratory devices. FALL (ON DEMAND), QUINT.

BMME 233 BIOMATHEMATICAL MODELING (3). Prerequisites: Math 128 or equivalent.  Mathematical modeling and computer simulation of physiological and other biomedical systems, with emphasis on application of ordinary and partial differential equations.  Analytical and digital solution techniques are considered.  FALL (ALTERNATE YEARS), LUCAS.

BMME 235 FINITE ELEMENT ANALYSIS (3). Prerequisite: BMME 102 or equivalent and permission of instructor.  The underlying principles associated with the finite element method will be presented along with applications. Topics to be included are the development of the stiffness matrix, node numbering schemes, the Galerkin method, and element selection.   FALL (ALTERNATE YEARS), LUCAS.

BMME 251 PHYSIOLOGY AND METHODS IN GENOMICS (4) Prerequisites: BMME 151 or undergraduate organic chemistry or biochemistry and undergraduate biology or with permission of instructor. Lectures in physiology systems and lab techniques covering various functional genomic methods including DNA sequencing, gene arrays, proteomics, confocal microscopy, and imaging modalities. SPRING, MACDONALD, REID

BMME 252 DIGITAL NUCLEAR IMAGING (3). Prerequisites: BMME 141, 142.  Advanced topics of physics and instrumentation in nuclear imaging and magnetic resonance techniques.  SPRING (ALTERNATE YEARS), STAFF

BMME 253 ADVANCED MEDICAL IMAGE PROCESSING (3). Prerequisite: BMME 141, 142. Theory and digital implementation of image processing and reconstruction techniques applied in medical imaging are discussed.  Specific topics include filtering, edge detection and image reconstruction algorithms.  FALL (ALTERNATE YEARS), STAFF

BMME 256 HIGH RESOLUTION X-RAY AND NUCLEAR IMAGING (3) Prerequisites: BMME 142 and 142. Covers design & application of high-resolution x-ray, PET and SPECT imaging devices for animal imaging. Includes a laboratory portion providing hands-on experience in development and use of these systems. 

BMME 259 PICTURE PROCESSING AND PATTERN RECOGNITION (COMP 254) (3).  Prerequisites: Probability, Linear Algebra, Math 34, Comp 14, Comp 235.  Theory and practice of picture coding, picture improvement, picture analysis and pattern recognition as applied to pictures.  SPRING, PIZER, COGGINS, 

BMME 260 BIOMATERIALS INSTRUMENTATION (3). Prerequisite, BMME 160 or permission of instructor.  Within a laboratory environment the fundamental or engineering properties of various biomaterials will be evaluated. Scientific methodology, data analysis and technical report writing will be stressed.  SPRING, KUSY.

BMME 281 SYSTEMS PHYSIOLOGY FOR BIOMEDICAL ENGINEERS (3).  Prerequisite:  BMME 181. This is the second semester of the 2 semester series intended to provide graduate students with an introduction to systems and organ physiology.  Required topics covered in this semester (for 3 hours) will include:  vascular system functions and mechanisms, respiration, renal and GI systems.  Additional modules (for an additional 2 hours) include:  psychophysics and mechanisms of perception, neural/cardiovascular/immune system interactions, and information processing in the CNS. SPRING, TOMMERDAHL

BMME 282 INFORMATION PROCESSING IN THE SOMATOSENSORY NERVOUS SYSTEM:  BRAIN IMAGING AND DATA ANALYSIS METHODS (3).  Prerequisite:  BMME 181 or permission of instructor.  The central purpose of this course is to provide a comprehensive but concise introduction to state-of-the-art experimental methodologies that can be used to characterize (a) the aggregate behavior of living neural networks; and (b) the changes in that behavior that occur as a function of stimulus properties, pharmacological manipulations, and other factors that dynamically modify the functional status of the network.  SPRING,  TOMMERDAHL

BMME 290 REHABILITATION ENGINEERING DESIGN (4) Prerequisite: BMME 111 or permission of instructor. Students will design an assistive technology device to help individuals with disabilities to become more independent. Projects will be used in the community when it is completed. SPRING, GOLDBERG

BMME 300 LABORATORY ROTATION IN BME (1).  Laboratory practicum.  Observational and hands-on experience in state-of-the-art Biomedical laboratories with Bioengineering faculty/preceptor.  FALL/SPRING, STAFF

BMME 301 LABORATORY ROTATION IN FUNCTIONAL GENOMICS  (1) Prerequisite: BMME 151 and permission of instructor. Students are required to work in 2 laboratories that involve: (1) the creation and analysis of mouse technologies, and (2)developing measurement technologies (biosensors or imaging) for use in functional genomics. FALL/SPRING, STAFF

BMME 311 RESEARCH IN BIOMEDICAL ENGINEERING AND BIOMATHEMATICS (Hours to be arranged).  Prerequisite:  permission of the instructor.  STAFF.

BMME 393 MASTERS THESIS (Hours to be arranged).  STAFF.

BMME 394 DOCTORAL DISSERTATION (Hours to be arranged).  STAFF.

BASIC COURSES OFFERED BY OTHER DEPARTMENTS

BIOS 110 PRINCIPLES OF STATISTICAL INFERENCE (3).  Prerequisite, knowledge of basic descriptive statistics.  Major topics include elementary probability theory, probability distributions, estimation, tests of hypotheses, chi-squared procedures, regression, and correlation. FALL AND SPRING, BIOSTATISTICS DEPARTMENT.

MATH 128 MATHEMATICAL METHODS FOR THE PHYSICAL SCIENCES I (3).  Prerequisites, MATH 83 and PHYSICS 24-25.  Fourier series and transform.  Laplace transform.  Applications.  Complex variables methods.  FALL, MATH DEPARTMENT STAFF.

MATH 129 MATHEMATICAL METHODS FOR THE PHYSICAL SCIENCES II (3).  Prerequisite, MATH 128 or permission of instructor.  Complex variables methods.  An introduction to partial differential equations solved via separation of variables and Fourier methods.  Bessel functions.  SPRING, MATH DEPARTMENT STAFF.

PHYI 140 CELL AND ORGAN SYSTEM PHYSIOLOGY (5).  This course covers the function of mammalian organs and the underlying electrical, mechanical, cellular, and molecular mechanisms in a lecture/recitation format.  A prior course or training in biochemistry is required.  FALL, SEALOCK, STAFF.

PHYS 101 INTRODUCTORY ELECTRONICS I (3).  Prerequisites, introductory physics and MATH 31, or permission of the instructor.  This course is designed to give students a sound working knowledge of basic electronic principles.  PHYS 101 and 141 may not both be taken for credit.  Three lecture and three laboratory hours a week.  Laboratory fee required.  FALL, PHYSICS DEPARTMENT STAFF.

PHYS 102 INTRODUCTORY ELECTRONICS II (4).  Prerequisite, PHYS 101 or permission of instructor.  Digital electronics including Boolean algebra, logic gates, flip-flops, counters, storage registers, ADCs, DACs and applications.  An introduction to microprocessors.  Three lecture and three laboratory hours a week.  Laboratory fee required.  SPRING, PHYSICS DEPARTMENT STAFF.

ENGL 10 BASIC WRITING (3).  Required of all incoming students with SAT Verbal of 400 or less, except those exempted by placement tests.  FALL AND SPRING.

ENGL 11 and 12 ENGLISH COMPOSITION AND RHETORIC (3).
ENGL 13 ADVANCED EXPOSITIORY WRITING (3).
ENGL 30 PROFESSIONAL WRITING CURRICULUM (3).  Writing in specific professional fields, such as law, psychology, geology, and public health.  FALL

NC State BME COURSE DESCRIPTIONS

BAE (CBS) 522 Mechanics of Biological Materials 3(2-2) Alt.F Preq: BS 100, MA 242, PY 205 Structure and composition of biological materials, both animal and plant, as related to the ability of the materials to withstand mechanical loading. Emphasis on measurement of mechanical properties and the development and understanding of models ofbiological material mechanical behavior.

BAE 585 Bioelectricity 3(3-0-0) S Preq: BAE 381; BAE 401 or equivalent instrumentation course; Senior or Graduate standing; Credit not given for both BAE 485 and BAE 585

Quantitative analysis of excitable membranes and their signals, including plasma membrane characteristics, origin of electrical membrane potentials, action potentials, voltage clamp experiments, the Hodgkin-Huxley equations, propagation, subthreshold stimuli, extracellular fields, membrane biophysics, and electrophysiology of the heart. Design and development of an electrocardiogram analysis system.
BMA 567 Modeling of Biological Systems  4(3-2) Alt. yrs.  Preq: MA 131 An introduction to quantitative modeling in biology. Use of Forrester diagrams, probabilistic and deterministic description of dynamic processes, development of model equations, simulation methods and criteria for model evaluation. Examination of current literature dealing with application of models and simulation in biology. Individual and class modeling projects.

BMA (MA) 573 Mathematical & Experimental Modeling of Physical Processes I 3(3-0) F. Preq: MA 341, MA 405, knowledge of high-level programg. lang. In-depth treatment of case studies in application of mathematics to problems currently under investigation in industrial and governmental laboratories. Background information for each case study; development of mathematical models; analytical and computational methods appropriate to models; model validation using experimental data collected during field trips to laboratories. Problems in biology & electromagnetism.

BMA (MA) 574 Mathematical & Experimental Modeling of Physical Processes II 3(3-0) S. Preq: MA 341, MA 405, knowledge of high-level programg. lang. In-depth treatment of case studies in the application of mathematics to problems currently under investigation in industrial and governmental laboratories. Background information for each case study; development of mathematical models; analytical and computational methods appropriate to the models; model validation using experimental data collected during field trips to the laboratories. Case studies involve problems in mechanics, thermodynamics, and hydrodynamics.

BMA (MA) (ST) 771 Biomathematics I  3(3-0) F.  Preq: Advanced calculus, reasonable background in biology or Consent of Instructor (FORMERLY BMA 571) Role of theory construction and model building in development of experimental science.  Historical development of mathematical theories and models for growth of one-species populations (logistic and off-shoots), including considerations of age distributions (matrix models, Leslie and Lopez; continuous theory, renewal equation). Some of the more elementary theories on the growth of organisms (von Bertalanffy and others; allometric theories; cultures grown in a chemostat). Mathematical theories oftwo and more species systems (predator-prey, competition, symbosis; leading up to present-day research) and discussion of some similar models for chemical kinetics. Much emphasis on scrutiny of biological concepts as well as of mathematical structureof models in order to uncover both weak and strong points of models discussed. Mathematical treatment of differential equations in models stressing qualitative and graphical aspects, as well as certain aspects of discretization. Difference equation models.

BMA (MA) (ST) 772 Biomathematics II 3(3-0) S. Preq: BMA 771, elementary probability theory (FORMERLY BMA 572) Continuation of topics of BMA 771. Some more advanced mathematical techniques concerning nonlinear differential equations of types encountered in BMA 771: several concepts of stability, asymptotic directions, Liapunov functions; different time-scales. Comparison of deterministic and stochastic models for several biological problems including birth and death processes. Discussion of various other applications of mathematics to biology, some recent research.

BMA (MA) (OR) (ST) 773 Stochastic Modeling 3(3-3) S,Alt. Yrs. Preq: BMA 772 or ST (MA) 746 (FORMERLY BMA 610) Survey of modeling approaches and analysis methods for data from continuous state random processes. Emphasis on differential and difference equations with noisy input. Doob-Meyer decomposition of process into its signal and noise components. Examples from biological and physical sciences, and engineering. Student project.

CBS 810 Orthopedics and Engineering, 2 (2-0) Infrequent, Preq: BAE/VMS 522 or Instructor Permission (FORMERLY VMS 590N) Expose engineering graduate students to the principles of clinical orthopaedics and to develop an understanding of the biological systems that are involved and the limits imposed by them. Students are required to attend orthopaedic rounds on and a one hour discussion period.
CBS 860 Instrumentation In Pharmacological Research 2(1-4) F Preq: BCH 452B or CH 315 and grad. standing or Consent of Instructor (FORMERLY VMS 561) Theory and applications of modern scientific instrumentation to analysis of tissues, body fluids and drugs in pharmacological research. Discussion of appropriate aspects of the pharmacological use of spectroscopy, microscopy, chromatography, electrophoresis, radioisotope usage and centrifugation.

ECE 435 Feedback Control Systems 3(3-0). Design of linear control systems.  Properties of feedback, design of analog controllers, system modelling.

ECE 436/592U Digital Control Systems 3(3-0) S. Preq: ECE 435 or consent of instructor (EQUIVALENT TO BMME 232 AT UNC-CH) Discrete systems dynamics, sampled-data systems, mathematical representations of analog/digital and digital/analog conversions, open- and closed-loop systems, input-output relationships, state-space and stability analyses, time- and frequency-domainanalyses. Design and implementation of digital controllers.

ECE 520 Digital Asic Design 3(3-0) Preq: ECE 342 Design of digital Application Specific Integrated Circuits (ASICs) based on Hardware Description Languages (Verilog, VHDL) and CAD tools, particularly login synthesis. Emphasis on design practices and underlying algorithms. Introduction to timing-driven design, low-power design, design-for-test and ASIC applications. Project.

ECE 591M Microsensor Engineering 3(3-0) Design and fabrication of microsensors.  Pressure, temperature, and other physical sensors.  Electrochemical transduction and sensors systems are also covered.

ECE 592M Biosensor Engineering 3(3-0) Prereq. ECE 591M The course builds upon the foundamental principles of the Microsensor Engineering course.  Chemical and biological sensors are examined.  Lab on a chip systems are examined.

ECE 592Y Medical Instrumentation 3(2.5-1.5) (EQUIVALENT TO BMME 111 AT UNC-CH) Topics include instrumentation electronics, analysis and design of medical instrumentation circuits, physiologic transducers (pressure, flow, bioelectric, temperate and displacement). This course  includes a laboratory where the student build biomedical devices.
ECE 703 Instrumentation Circuits 3(3-0) S. Preq: ECE 431 (FORMERLY ECE 503) Design principles of instrumentation circuits from functional perspective. Detailed discussion of circuit techniques used in analog subsystems such as amplifiers, filters, mixers and power supplies. Broad coverage of circuit applications such as voiceband CODECs, FM receivers and automatic impedance analyzers.

ECE 704 Logic Design For Testability 3(3-0) S. Preq: ECE 520 (FORMERLY ECE 604) Survey of design for testability and testing methods. Fault modeling, fault simulation, test generation, built-in self test, scan methods and automatic test equipment.

ECE 711 Analog Electronics 3(2-3) F. Preq: ECE 431, grad. standing or B average in ECE and MA (FORMERLY ECE 511) Analog integrated circuits and analog integrated circuit design techniques. Review of basic device and technology issues Comprehensive coverage of MOS and Bipolar operational amplifiers. Brief coverage of analog-to-digital conversion techniques and switched-capacitor filters. Strong emphasis on use of computer modeling and simulation as design tool. Students required to complete an independent design project.

ECE 712 Analog VLSI 3(3-0) S. (FORMERLY ECE 601) Survey of advanced topics in very large-scale analog circuits (VLSI). In-depth coverage of analog-to-digital and digital-to-analog conversion, and switched-capacitor and other monolithic filtering techniques. Brief coverage of special circuits for telecommunications and biomedical applications.

ECE 713 Digital Signal Processing 3(3-0) S. Preq: ECE 401, B average in ECE and MA or Consent of Instructor (FORMERLY ECE 513) Digital processing of analog signals. Offline and real-time processing for parameter, waveshape and spectrum estimation. Digital filtering and applications in speech, sonar, radar, data processing and two-dimensional filtering and image processing.

ECE 716 System Control Engineering 3(3-0) F. Preq: ECE 435 or ECE 301 (FORMERLY ECE 516) Introduction to analysis and design of continuous and discrete-time dynamical control systems. Emphasis on linear, single-input, single-output systems using state variable and transfer function methods. Open and closed-loop representation; analog and digital simulation; time and frequency response; stability by Routh-Hurwitz, Nyquist and Liapunov methods; performance specifications; cascade and state variable compensation. Assignments utilize computer-aided analysis and design programs.

ECE 733 Digital Electronics 3(3-0) S. Preq: ECE 314 (FORMERLY ECE 533) Digital integrated circuits and digital integrated circuit design techniques. Aims in digital circuit design; DC and transient analysis of CMOS, TTL, ECL, BiCMOS and GaAs digital circuits: optimizing for speed and power consumption; interconnect design and analysis; semiconductor memory circuits; packaging and timing considerations.

ECE 742 Artificial Neural Networks 3(3-0) S. Preq: ECE 401 and ECE (CSC) 520 (FORMERLY ECE 642) Artificial neural networks in pattern recognition, artificial intelligence, adaptive signal processing, self-organization and goal-directed behavior.

ECE 746 VLSI Systems Design 3(3-0) F. Preq: ECE 342 (FORMERLY ECE 546) Digital systems design in CMOS VLSI technology: CMOS devise physics, fabrication, primitive components, design and layout methodology, integrated system architectures, timing, testing future trends of VLSI technology.

ECE 758 Digital Image Processing 3(3-0) F. Preq: ECE 713, ECE 714 (FORMERLY ECE 558) A study of advanced techniques of image processing. Image formation and perception, digitalization, Fourier transform domain processing, restoration and tomographic reconstruction.

ECE 759 Pattern Recognition 3(3-0) S. Preq: ECE(CSC) 714, ST 371, B average in ECE and MA (FORMERLY ECE 559) Image pattern recognition techniques and computer-based methods for scene analysis, including discriminate functions, fixture extraction, classification strategies, clustering and discriminant analysis. Coverage of applications and current research results.

ECE 764 Digital Image Processing 3(3-0) F. Preq: ECE 513, ECE 514 (FORMERLY ECE 658) A study of advanced techniques of image processing. Image formation and perception, digitalization, Fourier transform domain processing, restoration and tomographic reconstruction.

ECE 791N Parallel, Distributed, Adaptive Systems (Natural and Man-Made) 3(3-0) This course investigates advanced concepts in intelligent systems.
IE 589I Human Centered Design 3(3-0) The foucs of this course is on inclusive design, which includes designing for people with disabilities, but in terms of products and the built environment. The course does not emphasize rehabilitation equipment.
IE 764 Occupational Biomechanics 3(2-2) F. Preq: Grad. standing (FORMERLY IE 544) Anatomical, physiological, and biomechanical bases of physical ergonomics. Strength of biomaterials, human motor capabilities, body mechanics, kinematics and anthropometry. Use of bioinstrumentation, active and passive industrial surveillance techniques and the NIOSH lifting guide. Acute injury and cumulative trauma disorders. Static and dynamic biomechanical modeling. Emphasis on low back, shoulder and hand/wrist biomechanics.

IE 765 Musculoskeletal Mechanics 3(2-2) F. Preq: BIO 125 or BAE(BIO) 235 or grad. standing (FORMERLY IE 543) Anatomy, physiology and biomechanics of musculoskeletal system including muscle bone, tendon, ligament, cartilage, nerve. Modeling of tissue and joints with special emphasis on spine and upper extremity. Physical, mathematical, optimization and finite element modeling techniques as applied in biomechanics research.

IE 767 Upper Extremity Biomechanics 3(3-0) F. Alt. yrs.(even) Preq: IE 765, IE 764 (FORMERLY IE 644) Gross and functional anatomy of upper extremity; properties of tendons and synovial fluid; epidemiology; disorders of shoulder, elbow, wrist, hands, fingers; biomechanical modeling; personal factors affecting cumulative trauma disorder (CTD) risk, diagnosis and treatment of upper extremity CTDs; wrist splints; workplace ergonomics to alleviate upper extremity CTDs.

IE 768 Spine Biomechanics 3(3-0) F. Alt. yrs.(odd) Preq: IE 543, IE 544 (FORMERLY IE 645) Gross and fine anatomy of spine, mechanism of pain, epidemiology, in vitro testing, psychophysical studies, spine stability models, bioinstrumentation: intradiscal pressure, intra-abdominal pressure and electromyography. Biomechanics of lifting and twisting, effects of vibration, effects of posture/lifting style, lifting belts, physical models, optimization models, mathematical models, muscle models, finite element models, current trends in medical management and rehabilitation, chiropractic.

IE 796 Research Practicum In Occupational Biomechanics 3(1-4) S. Preq: IE 764 Coreq: IE 765 (FORMERLY IE 696) Biomechanics research topic development, literature evaluation, experimental design, use of bioinstrumentation, data collection, basic data interpretation, statistical analysis, manuscript preparation.

MAE 435 Principles of Automatic Control 3(3-0) Preq: MA 341 Study of linear feedback control systems using transfer functions. Transient and steadystate responses. Stability and dynamic analyses using time response and frequency response techniques. Compensation methods. Classical control theory techniques for determination and modification of the dynamic response of a system. Synthesis and design applications to typical mechanical engineering control systems. Introduction to modern control theory.

MAE 510 Effects Of Noise and Vibration On Man 3(3-0) F. Preq: MA 301 Study of effects of noise and vibration and design criteria available to establish acceptability of environments. Study of auditory and non-auditory response to noise and models available for predicting responses. Presentation of guidelines for designing equipment and environments to meet existing ANSI, ISO, ASTM and HVAC standards. Practical experience in using noise-vibration equipment.

MAE 589I Intro to Computer-Aided Design 3(3-0). The course is intended to give students an overview of the fundamentals of computer-aided design for mechanical engineering design. The course includes an introduction to the basics of computer graphics in design, including an introduction to solids modeling.  Finite element techniques are also introduced.  Popular CAD codes such as Pro/Engineer, AutoCAD, and ANSYS that are currently used in industry are discussed.  A course project is required.

MAE 589X Two-Phase Flow: Theory & Applications 3(3-0) Preq: MAE 703 or equiv. The course provides a unified treatment of the fundamental principles of two-phase flow and shows how to apply the principles to a variety of homogeneous mixture, separated, gas-solid, liquid-solid, and gas-liquid flow problems, steady or transient, laminar or turbulent. Computational case studies related to biomedical, chemical, environmental, and/or mechanical engineering are discussed in detail.

MAE 701 Advanced Engineering Thermodynamics 3(3-0) F. Preq: MAE 302; MA 401 or MA 511 (FORMERLY MAE 501) Classical thermodynamics of a general reactive system; conservation of energy and principles of increase of entropy; fundamental relation of thermodynamics; Legendre transformations; phase transitions and critical phenomena; equilibrium and stability criteria in different representation; irreversible thermodynamics. Introduction to statistical thermodynamics.

MAE 702 Statistical Thermodynamics 3(3-0) S. Preq: MAE 701 (FORMERLY MAE 601) Analysis and establishment of conclusions of classical thermodynamics from the microscopic viewpoint. Topics include: ensemble methods, partition functions, translational, rotational and vibrational energy modes of an ideal gas, chemical equilibrium, imperfect gases, dense fluids, critical-point theories, mean free path concepts, Boltzmann equation, hydrodynamic equations from kinetic theory and properties of disordered composite media.

MAE 703 Dynamics Of Internal Fluid Flow 3(3-0) F. Preq: MAE 356 or MAE 308 (FORMERLY MAE 557) A general development of governing equations of fluid motion with subsequent restriction to incompressible flow. Exact and approximate solutions of Navier-Stokes equations for internal laminar flow and elementary boundary layer theory. Applications include: hydrodynamic lubrication, converging-diverging channel flows, entrance flows and turbulent internal flow.

MAE 706 Heat Transfer Theory and Applications 3(3-0) F. Preq: MAE 410 or equivalent (FORMERLY MAE 505) Development of basic equations for steady and transient heat and mass transfer processes. Emphasis on application of basic equations to engineering problems in areas of conduction, convection, mass transfer and thermal radiation.

MAE 707 Advanced Conductive Heat Transfer 3(3-0) S. Preq: MAE 706 or MA 501 (FORMERLY MAE 608) Comprehensive, unified treatment of methodologies for solving multidimensional transient and steady heat conduction. Approximate and exact methods of solving nonlinear problems, including phase and temperature-dependent thermal properties, nonlinearboundary conditions. Heat conduction in composite media and anisotropic solids. Use of finite integral transform and Green's function techniques.

MAE 708  Advanced Convective Heat Transfer  3(3-0) S. Preq: MAE 703 (FORMERLY MAE 609) Advanced topics in steady and transient, natural and forced convective heat transfer for laminar and turbulent flow through conduits and over surfaces. Mass transfer in laminar and turbulent flow. Inclusion of topics on compressible flow with heat and mass transfer.

MAE 709 Advanced Radiative Heat Transfer 3(3-0) F. Preq: MAE 706 (FORMERLY MAE 610) Comprehensive and unified treatment of basic theories; exact and approximate methods of solution of radiative heat transfer and the interaction of radiation with conductive and convective modes of heat transfer in participating and non-participatingmedia.

MAE 730 Modem Plasticity 3(3-0) F. Alt. yrs.(even) Preq: Grad. course in elasticity or strength of materials (FORMERLY MAE 636) Classical theories of plasticity and solutions pertaining to rate-independent and -dependent deformations modes in metals, geomaterials and concrete. Ductile failure modes, i.e., shear-strain localization and other failure modes associated with large deformation modes. Inelastic wave propagation, crystalline constitutive formulations and computational aspects of quasi-static and dynamic plasticity.

MAE 733 Finite Element Analysis I 3(3-0) F. Preq: MAE 316 or MAE 472 (FORMERLY MAE 533) Fundamental concepts of the finite element method for linear stress and deformation analysis of mechanical components. Development of truss, beam, frame, plane stress, plane strain, axisymmetric and solid elements. Isoparametric formulations. Introduction to structural dynamics. Practical modeling techniques and use of general-purpose codes for solving practical stress analysis problems.

MAE 734 Finite Element Analysis II 3(3-0) S. Preq: MAE 733 (FORMERLY MAE 634) Advanced treatment of finite element analysis for non-linear mechanics problems, including most recent developments in efficient solution procedures. Plate bending and shell elements, computational plasticity and viscoplastic materials, large deformation formulations, initial stability and buckling, structural vibrations, incompressible elasticity, contact problems, flow in incompressible media, weighted residuals and field problems. Development of efficient algorithms for practical application.

MAE 736 Photoelasticity 3(2-3) S. Alt. yrs. Preq: MAE 316 or 371 (FORMERLY MAE 536) Theory and experimental techniques of two- and three-dimensional photoelasticity including photoelastic coatings, photoplasticity and an application of photoelastic methods to determination of stress-strain distributions in loaded members. Laboratory includes an investigation and complete report of a problem chosen by student under guidance of instructor.

MAE 737 Mechanics Of Composite Structures 3(3-0) F. Preq: MAE 316 or MAE 472 (FORMERLY MAE 537) Manufacturing techniques with emphasis on selection of those producing most favorable end result. Classical plate theory, materials properties and failure theories. Micromechanics, repair, plate solutions and elasticity solutions covered as requiredto meet special interests of students.

MAE 760 Computational Fluid Mechanics and Heat Transfer 3(3-0) S. Preq: MA 501 or MA 512, MAE 750 or MAE 703, proficiency in the FORTRAN programming language is required (FORMERLY MAE 560) Introduction to integration of the governing partial differential equations of fluid flow and heat transfer by numerical finite difference and finite volume means. Methods for parabolic, hyper-bolic and elliptical equations and application to model equations. Error analysis and physical considerations. 

MAE 766 Computational Fluid Dynamics 3(3-0) F Preq: MAE 760; proficiency in the FORTRAN programming language is required (FORMERLY MAE 660) Advanced computational methods for integrating, by use of finite differences, and finite volume discretizations, non-linear governing equations of fluid flow; the Euler equations and the Navier-Stokes equations. Topics from current literature.

MAE 774 Dynamics Of Real Fluids I 3(3-0) S. Preq: MAE 750 or 703 (FORMERLY MAE 654) Exact solutions to the Navier-Stokes equations. Approximate solutions for low Reynolds numbers. Approximate solutions for high Reynolds numbers - incompressible boundary layer theory. Laminar and turbulent boundary layers in theory and experiment. Flow separation.

MAE 775 Dynamics Of Real Fluids II 3(3-0) F Preq: MAE 774 (FORMERLY MAE 655) A continuation of MAE 654. Compressible laminar and turbulent boundary layers. Laminar and turbulent jets. Stability of laminar boundary layers with respect to small disturbances, transition from laminar to turbulent flow.

MAE 777 Experimental Methods in Fluid Mechanics 3(3-1) Preq: MAE 750 or MAE 703 (FORMERLY MAE 657) Principles and practices of fluid dynamic measurement. Application of instruments and measuring techniques. One, two and three component thermal anemometry. Differential and unsteady pressures, LDV, Shadowgraph, Schlieren and interferometer techniques. Optimization and choice of instrument selection. Limitations of data acquisition and analysis. Limited hands-on experience.

MAT 700 Modern Concepts In Materials Science 3(3-0) F. Preq: Grad. standing (FORMERLY MAT 500) Fundamentals of structure, structure modification and properties of materials with emphasis on structure-property relationships and modern theory of solids.

MAT 701 Diffusion and Mass Transport Processes In Solids 3(3-0) F. Preq: Consent of Instructor (FORMERLY MAT 501) Interatomic forces and crystal structure, basic concepts in diffusion theory, diffusion and mass transport in metals and alloys, semiconductors, ionic crystals (ceramics) and amorphous materials. Diffusion along dislocations and grain boundaries, surface and interface diffusion, electromigration and thermomigration, concentration-enhanced diffusion, transient diffusion, stress-induced diffusion, mass and heat transport during rapid solidification, radiation damage and defect diffusion.

MAT 705 Mechanical Behavior Of Engineering Materials 3(3-0) F. Preq: MAT 450, MAT 702 (FORMERLY MAT 505) Coverage of both fundamental and engineering aspects of mechanical behavior of materials.  Elasticity, plasticity and dislocation theory concepts used to describe phenomenological behavior and micro-mechanical mechanisms. Strengthening mechanisms in crystals, high-temperature deformation, fracture mechanics, fracture toughening mechanisms and cyclic deformation. Also various aspects of deformation of noncrystalline solids.

MAT 706 Phase Transformations and Kinetics 3(3-0) S. Preq: MAT 700, 710 (FORMERLY MAT 506) Homogeneous and heterogeneous nucleation, spinodal decomposition, interface and diffusion-controlled growth, formal theory of transformation kinetics, growth of crystals from vapor, precipitation, coarsening, order-disorder, and martensitic transformations.

MAT (CH) 707 Chemical Concepts In Materials Science and Engineering 3(3-0) F. Preq: Consent of Instructor (FORMERLY MAT 507) Structure, symmetry and chemical bonding; spectroscopic methods and their utilization in trace analysis and pollution control; phase equilibria, crystal growth and materials purification; vapor phase equilibria and kinetics of chemical reactions andtransport; electrochemical thermodynamics and kinetics with applications to batteries, solar cells, electrorefinement, plating and corrosion processes.

MAT 708 Thermodynamics Of Materials 3(3-0) F. Preq: MAT 301 or equivalent (FORMERLY MAT 508) Review of first and second laws of thermodynamics, equilibrium and irreversible processes, open and closed systems, partition functions and particle distribution functions. Applications include extension of thermodynamic potentials to situations where electrical, magnetic and stress fields present, heat capacity of crystals, electron gas in metals, solution models, binary phase diagrams and rubber elasticity in polymers.

MAT 710 Elements Of Crystallography and Diffraction 3(3-0) F. Preq: MAT 411 (FORMERLY MAT 510) Crystal symmetry, lattices and space groups; elementary diffraction by crystalline matter; experimental methods of x-ray diffraction.

MAT 711 Stereology and Image Analysis 3(3-0) S. Alt Yrs Preq: Grad. standing (FORMERLY MAT 511) Development of principles and their practical application to measurement of images from microscopy (primarily materials) to describe three-dimensional structure of specimens viewed in transverse sections or projection. Basic statistics, manual and automatic (computerized) image analysis methods. Basic stereological parameters (volume fraction, surface density, curvature) plus object size and shape parameters, fractal and stereoscopic description of surfaces.

MAT 712 Scanning Electron Microscopy 3(3-0) F. Preq: Grad. standing (FORMERLY MAT 512) Electron optics, sources and detectors. Beam specimen interactions, secondary and backscattered electrons, EDS and WDS. Resolution limits, experimental conditions, related techniques, beam-induced damage and materials modification. 

MAT 715 Fundamentals Of Transmission Electron Microscopy 4(3-3) S. Preq: MAT 710 or equivalent (FORMERLY MAT 515) Laboratory enrollment limited to twelve, but laboratory may be waived with consent of instructor. Electron optics, electron-solid interactions, electron diffraction, image contrast, defect characterization, analytical and high resolution microscopy. Parallel laboratory demonstrations and exercises.

MAT 723 Theory and Structure Of Metallic Materials 3(3-0) F. Preq: MAT 700 (FORMERLY MAT 623) The metallic state, its atomic and electronic structure. Electron theory of metals and alloys. Advanced methods of determining electronic structure in metallic materials. Solid solutions and intermediate phases, superconducting and magnetic alloys.

MAT 741 Principles Of Corrosion 3(2-3) F. Preq: MAT 201 and CH 431 or MAT 301 (FORMERLY MAT 541) Fundamentals of metallic corrosion and passivity. Electro-chemical nature of corrosive attack, basic forms of corrosion, corrosion rate factors, methods of corrosion protection. Laboratory work included.

MAT 751 Thin Film and Coating Science and Technology I 3(3-0) F. Preq: MAT 700 (FORMERLY MAT 631) Vacuum science and technology including gas kinetics, gas flow calculations, system design and use of various pumps, materials and components. Atomistics of solid surfaces. Nucleation and growth of films and coatings.

MAT 752 Thin Film and Coating Science and Technology II 3(3-0) S. Alt Yrs Preq: MAT 751 (FORMERLY MAT 632) Techniques for thin films and coatings deposition and their applications. Interfaces, adhesion and surface modification. Artificially structured and chemically modulated layered materials. Pseudomorphic structures. Characterization of thin films andcoatings.

MAT 753 Advanced Mechanical Properties Of Materials 3(3-0) F. Preq: MAT 630 (FORMERLY MAT 633) Theories of yield strength, work hardening, creep, fracture and fatigue of crystalline materials developed in terms of dislocation theory.

MAT (CH)(TC) 762 Physical Chemistry Of High Polymers-Bulk Properties 3(3-0) F. Alt Yrs Preq: CH 220 or TC 203, CH 431 (FORMERLY MAT 562) Molecular weight description; states of aggregation and their interconversion; rubbery, glassy and crystalline states; rubber elasticity; diffusion properties.

MAT (TMS) 763 Characterization Of Structure Of Fiber Forming Polymers 3(3-0) F. Preq: MA 301, PY 208 (FORMERLY MAT 563) Theories, experimental evidence and characterization methods of the molecular fine structure of fiber forming polymers in the solid state. Characterization methods include X-ray diffraction, microscopy, infrared, thermal and magnetic resonance. An introduction to nucleation theory of polymer systems.

MAT (CH)(TC) 772 Physical Chemistry Of High Polymers--Solution Properties 3(3-0) S. Alt Yrs Preq: CH 433, TC (CH, MAT) 762 (FORMERLY MAT 662) Thermodynamics of polymer solutions; phase equilibria; determination of molecular weight.

MAT 775 Structure Of Semicrystalline Polymers 3(3-0) S. Alt Yrs Preq: MAT 325 or equivalent (FORMERLY MAT 575) Structure and organization of semicrystalline polymers, from molecular scale to bulk state, including chain configuration, unit cell geometries, polymer crystallography, single crystals, spherulites, epitaxial crystallization, morphology, crystal defects, annealing and deformation mechanisms. Emphasis on analysis of x-ray diffraction, electron diffraction and electron microscopy data for structural characterization.

ST 501 Experimental Statistics For Biological Sciences I 3(3-0) F, S. Preq: ST 311 or grad. standing (FORMERLY ST 511) Basic concepts of statistical models and use of samples; variation, statistical measures, distributions, tests of significance, analysis of variance and elementary experimental design, regression and correlation, chi-square.

ST 701 Experimental Statistics For Biological Sciences II 3(3-1) F, S. Preq: ST 501 (FORMERLY ST 512) Covariance, multiple regression, curvilinear regression, concepts of experimental design, factorial experiments, confounded factorials, individual degrees of freedom and split-plot experiments. Computing laboratory addressing computational issues and use of statistical software.

TC 704 Formation of Fibers 3(3-0) (FORMERLY TC 504) Practical and theoretical analysis of the chemical and physical principles underlying conventional methods of converting bulk polymer to fiber; rheology; melt, dry and wet polymer extrusion; fiber drawing; heat setting; general theory applied to unit processes.ECE 591M Microsensor Engineering

TC/CHE 769 Diffusion in Polymer Membranes 3(3-0) Relationships between molecular structure and bulk properties of nonmetallic materials applied to commercial products and chemical engineering processes. Applications of surface and colloid chemistry and polymer science to product development and process improvement.

TE 566 Polymeric Biomaterials 3(3-0). In-depth study of polymeric biomaterials, including polymer synthesis and structure, polymer properties, orthopedic and vascular grafts, textiles as biomaterials, surface modification and characterization, and bioresorbable polymers.
TMS 761 Mechanical and Rheological Properties Of Fibrous Material 3(3-0) S. Preq: MA 301 (FORMERLY TES 561) In-depth study of the stress-strain, bending, torsional, dynamic and rheological behavior of natural and man-made fibers. Presentation and discussion of theoretical relations and advanced techniques.

TMS 762 Physical Properties Of Fiber Forming Polymers, Fibers and Fibrous Structures 3(3-0) F (Alt. yrs.) Preq: MA 301, PY 208 (FORMERLY TES 562) Experimental results and theoretical considerations of physical properties of fibers and fiber-forming polymers. Electrical, thermal, optical, frictional and moisture properties of these materials. Influence of chemical and molecular fine structure on these properties.
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	INSTITUTION AND LOCATION
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(if applicable)
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	Oberlin College, Oberlin, OH
	AB
	1968
	Biology

	Duke University, Durham, NC
	MS
	1980
	Biomedical Eng.

	Duke University, Durham, NC
	PhD
	1982
	Biomedical Eng.


A. Positions and Honors. 

Positions:

1974-1975
Engineering Aide, TAD, Inc., under contract to Xerox Corp., Webster, NY

1975-1978 Medical Research Technician, Duke University Medical Center, Durham, NC; 

St. Jude Children’s Research Hospital, Memphis, TN; University of Tennessee Center for the Health Sciences, Memphis, TN; Strong Memorial Hospital, Rochester, NY
1979-1980
Teaching Assistant, Department of Biomedical Engineering, Duke University, Durham, NC

1982-1983
Member of Technical Staff, Environmental Monitoring and Services Center, Rockwell International, Chapel Hill, NC

1983-1988
Research Associate, Department of Surgery, Duke University Medical Center, Durham, NC

1988-1990
Assistant Medical Research Professor, Department of Surgery, Duke University Medical Center, Durham, NC

1990-1992
Executive Officer, IEEE Engineering in Medicine and Biology Society, Durham, NC

1990-1993
Research Assistant Professor, Department of Biomedical Engineering, Duke University, Durham, NC

1993-present
Associate Professor and Professor, Biological and Agricultural Engineering Department, North Carolina State University, Raleigh, NC 

Other Experience and Professional Societies:

Chair, University Courses and Curricula Committee, 1998-1999; Chair, Academic Advisory Committee, Graduate Minor in Biomedical Engineering, 1994-present; Chair, Curriculum Committee, Biological and Agricultural Engineering Department, 1995-1999; Member of the Editorial Board, IEEE Press, 1995-1996; Member of the Board, Computers in Cardiology, Inc., 1994-1999; Interim Councilor (Charter Member), Institute of Biological Engineering, 1995; IEEE Engineering in Medicine and Biological Society (EMBS)- President, 1996; Vice President for Member and Student Activities, 1994-1995; Member-At-Large of Administrative Committee, 1987-1989, 1993-1995; Member, IEEE Technical Activities Board, 1996.

Honors:

Tau Beta Pi, 1982; Sigma Xi, 1995; Senior Member, IEEE Engineering in Medicine and Biology Society, 1990; Senior Member, Biomedical Engineering Society, 1996; Fellow, American Institute for Medical and Biological Engineering, 1997; Service Award, IEEE Engineering in Medicine and Biological Society, 1998.

B. Selected Peer-Reviewed Publications.
1. Blanchard SM, Barr RC, Spach MS. A voltage-triggered system for adaptive sampling in body surface mapping. IEEE Trans. Biomed. Eng., BME-29:726-730, 1982. 

2. Blanchard SM, Barr RC. A comparison of methods for adaptive sampling of cardiac electrograms and electrocardiograms. Med. Biol. Eng. Comput., 23:377-386, 1985. 

3. Barr RC, Blanchard SM, DiPersio DA. SAPA-2 is the fan. IEEE Trans. Biomed. Eng., BME-32:337, 1985. 

4. Blanchard SM, Damiano RJ, Asano T, Smith WM, Ideker RE, Lowe JE. The effects of distant cardiac electrical events on local activation in unipolar epicardial electrograms. IEEE Trans. Biomed. Eng., BME-34:539-546, 1987. 

5. Damiano RJ, Blanchard SM, Asano T, Cox JL, Lowe JE. Effects of distant potentials on unipolar electrograms in an animal model utilizing the right ventricular isolation procedure. J. Amer. Col. Cardiol., 11:1100-1109, 1988. 

6. Blanchard SM, Damiano RJ Jr., Smith WM, Ideker RE, Lowe JE. Interpolating unipolar epicardial potentials from electrodes separated by increasing distances. PACE, 12:1938-1955, 1989. 

7. Blanchard SM, Smith WM, Damiano RJ, Molter DW, Ideker RE, Lowe JE. Four digital algorithms for activation detection from unipolar epicardial electrograms. IEEE Trans. Biomed. Eng. BME-36:256-261, 1989. 

8. Kabas JS, Blanchard SM, Matsuyama Y, Long JD, Hoffman GW, Ellinwood EH, Smith PK, Strauss, HC. Cocaine-mediated impairment of cardiac conduction in the conscious dog: A potential mechanism for sudden death following cocaine. J. Pharmacol. Exp. Ther, 252:185-191, 1990. 

9. Blanchard SM and Ideker RE. Mechanisms of electrical defibrillation: Impact of new experimental defibrillator waveforms. Am. Heart J., 127(4 Pt 2):970-977, 1994. 

10. Blanchard SM, Walcott GP, Wharton JM, Ideker RE. Why is catheter ablation less successful than surgery for treating ventricular tachycardia that results from coronary artery disease? PACE, 17[Pt. I]:2315-2335, 1994. 

11. Blanchard SM and Ideker RE.  Mechanisms of electrical defibrillation:  Impact of new experimental defibrillator waveforms. Am. Heart J. 127(4 Pt2):970-977, 1994.

12. Blanchard SM, Johnson EE, Ideker RE.  Myocardial activation at the onset and during ventricular fibrillation.  In Akhtar M, Myerburg RJ, and Ruskin JN (eds):  Sudden Cardiac Death:  Prevalence, Mechanisms, and Approaches to Diagnosis and Management, Williams & Wilkins, Philadelphia. pp. 128-143, 1994.

13. Blanchard SM, Walcott GP, Wharton JM, Ideker RE.  Why is catheter ablation less successful than surgery for treating ventricular tachycardia that results from coronary artery disease?  PACE, 17[Pt. 1]:2325-2335. 1994. 

14. Pool TS, Blanchard SM, Hale SA. From over the Internet: Users discuss a new direction for learning. TechTrends, Jan./Feb., pp. 24-28, 1995. 

15. Blanchard SM, Ideker RE, Cooper RAS, Whatron JM. The defibrillation waveform.  In Kroll MW and Lehmann MH (eds):  Implantable Cardioverter Defibrillator Therapy:  The Engineering/Clinical Interface.  Norwell, MA, Kluwer Academic Publishers, pp. 147-161, 1996.

16. Blanchard SM and Carter MP. Helping biomedical engineering students develop Internet literacy. International Journal of Engineering Education, Vol. 15(4):270-275, 1999. 

17. Enderle, JD, Blanchard SM, Bronzino JD. Introduction to Biomedical Engineering. Academic Press, 2000, 1062 pp.

18. Young MT, Blanchard SM, White MW, Johnson EE, Smith WM, Ideker RE. Using an artificial neural network to detect activations during ventricular fibrillation. Computers in Biomedical Research, 33:43-58, 2000. 

19. Blanchard SM and Rohrbach RP. Chapter 10: North Carolina State University. In Enderle JD and Hallowell B: National Science Foundation 1999 Engineering Senior Design Projects to Aid Persons with Disabilities. Creative Learning Press, Inc., Mansfield Center, CT. pp. 99-107, 2001.

20. Blanchard SM, Degernes LA, DeWolf, Jr. DK, Garlich JD. Intermittent biotelemetric monitoring of electrocardiograms and temperature in male broilers at risk for Sudden Death Syndrome. Poultry Science, 81:887-891, 2002.

	NAME

Stephen B. Knisley 
	POSITION TITLE

Associate Professor and Interim Chair,

Biomedical Engineering

	EDUCATION/TRAINING 

	INSTITUTION AND LOCATION
	DEGREE

(if applicable)
	YEAR(s)
	FIELD OF STUDY

	Duke University, Durham, NC
	B.S.E 
	1973 
	Biomedical Eng 

	University of North Carolina, Chapel Hill, NC
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	Biomedical Eng. 

	Duke University, Durham, NC
	Postdoctoral
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Electronics Technician III, Division of Cardiology, Department of Medicine, The University of North Carolina at Chapel Hill, Chapel Hill, NC
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Assistant Research Professor, Department of Biomedical Engineering, Duke University, Durham, NC

1992-1993 Visiting Scholar, Centre for Biomedical Technology, The Univ. of Technology, Sydney, Australia

1995    

Upjohn Young Investigator Award to postdoc, David Clark, The Univ. of Alabama at Birmingham

1998

Established Investigator Awardee, The American Heart Association

1999

Engineering Foundation Faculty Excellence Awardee, School of Eng., Univ. of Ala. at Birmingham

1994-2000
Associate Professor, Division of Cardiovascular Disease, Department of Medicine, The University of Alabama at Birmingham, Birmingham, AL

1994-2000
Associate Professor, Dept. of Biomedical Eng., The Univ. of Alabama at Birmingham
2000

Visiting Associate Professor, Department of Biomedical Engineering, The University of North Carolina at Chapel Hill, Chapel Hill, NC

2000

Associate Professor, Department of Biomedical Engineering, The University of North Carolina at Chapel Hill, Chapel Hill, NC

2002

Director of Graduate Studies, Department of Biomedical Engineering, The University of North Carolina at Chapel Hill, Chapel Hill, NC

2002
Interim Chair, Department of Biomedical Engineering, The University of North Carolina at Chapel Hill, Chapel Hill, NC

2002
Associate Professor, Curriculum in Applied Sciences, The University of North Carolina at Chapel
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Andrew E. Pollard, Wayne E. Cascio, Vladimir G. Fast, and Stephen B. Knisley, “A model study of extrasystole modulation by uncoupling in the ischemic border having phase 1b-like conditions,” (in press in Cardiovascular Research)
Philip L. Johnson, Jonathan C. Newton, Dennis L. Rollins, Stephen B. Knisley, Raymond E. Ideker, and William M. Smith, “Intelligent multichannel stimulator for the study of cardiac arrhythmias,” Annals of Biomedical Engineering 30;180-191, 2002.

Stephen B. Knisley, “Exploring Cardiac Response to AC Stimulation,” J. Cardiovasc. Electrophysiol. 12(10);1185-1186:2001. 
Lei Ding, Stephen B. Knisley, “Quantifying Spatial Localization of Optical Mapping Using Monte Carlo Simulations,” IEEE Trans. Biomed. Eng.  48;1098-1107: 2001

Tamara C. Baynham, Stephen B. Knisley, “Roles of Line-Stimulation Induced Virtual Electrodes and Action Potential Prolongation in Arrhythmic Propagation,” J. Cardiovasc. Electrophysiol. 12;256-263:2001

Stephen B. Knisley, “Mechanisms of Defibrillation: 1. Influence of Fiber Structure on Tissue Response to Electrical Stimulation,” in Optical Mapping of Cardiac Excitation and Arrhythmias. Eds. Rosenbaum and Jalife,  Futura Publishing Company; 361-380:2001.
Stephen B. Knisley, Robert K. Justice, Wei Kong, Philip L. Johnson, “Ratiometry of Transmembrane 

Voltage-Sensitive Fluorescent Dye Emission in Hearts,” Am. J. Physiol.  279;1421-1432:2000

Stephen B. Knisley, Andrew E. Pollard, Vladimir Fast, “Effects of Electrode-Myocardial Separation on Cardiac Stimulation in Conductive Solution,” J. Cardiovasc. Electrophysiol. 11;1132-1143:2000
Stephen B. Knisley, “Evidence for Roles of the Activating Function in Electric Stimulation,” IEEE Trans. Biomed. Eng. 47;1114-1119: 2000

Stephen B. Knisley, Natalia Trayanova, Felipe Aguel, “Roles of Electric Field and Fiber Structure in Cardiac Electric Stimulation” Biophys. J. 77; 1404-1417:1999

Clark DM, Ideker RE, Knisley SB, “Optical Transmembrane Potential Recordings During Intracardiac Defibrillation-Strength Shocks” J. Interventional Cardiac Electrophysiol., 3;109-120: 1999

Johnson PL, Smith W, Baynham TC, Knisley SB, “Errors Caused by Combination of Di-4-ANEPPS and Fluo3/4 for Simultaneous Measurements of Transmembrane Potentials and Intracellular Calcium,”  Ann.  Biomed. Eng., 27;563-571: 1999

Newton Jonathan C, Knisley SB, Zhou X, Pollard AE, Ideker RE, “Review of Mechanisms by which Electrical Stimulation Alters the Transmembrane Potential,”   J. Cardiovasc.  Electrophysiol.  10;234-243:1999

Xiaohong Zhou, Stephen B. Knisley, William M. Smith, Dennis Rollins, Andrew E. Pollard, Raymond E. Ideker, “Spatial changes in the transmembrane potential during extracellular electric stimulation,” Circ. Res. 83; 1003-1014:1998

Baynham TC, Knisley SB, “Effective Epicardial Resistance of Rabbit Ventricles,” Ann. Biomed. Eng., 27;96-102:1998

Knisley SB, “Optical mapping of cardiac electrical stimulation,” Journal of Electrocardiology  30;11-18:1998

Knisley S, Baynham T, “Line stimulation parallel to myofibers enhances regional uniformity of transmembrane voltage changes in rabbit hearts,”  Circ. Res.  81;229-241: 1997

Walcott, GP, Knisley S, Zhou X, Newton J, Ideker RE, “On the Mechanism of Ventricular Defibrillation” Pacing and Clinical Electrophysiol.  20 Part II;422-431:1997

Holley L, Knisley S, “Transmembrane Potentials During High Voltage Shocks in Ischaemic Cardiac Tissue,"  Pacing and Clinical Electrophysiol.  20 part II;146-152:1997

Knisley S, “Author’s Reply: Critical Curvatures in the Heart,” IEEE  Trans.  Biomed. Eng. 43 (12);1203-1204:1996

Knisley S, Smith W, “Experimental Techniques for Investigating Cardiac Electrical Activity and Response to Electrical Stimuli,” Proc. Institute of Electrical and Electronics Engineers   84 (3);417-427:1996.

Knisley, S, "Transmembrane Voltage Changes During Unipolar Stimulation of Rabbit Ventricle,"  Circ. Res. 77;1229-1239:1995

Knisley S, Holley L, "Characterization of Shock-Induced Action Potential Extension During Acute Regional Ischemia in Rabbit Hearts,"  J. Cardiovascular Electrophysiol.   6; 775-785:1995

Knisley S, Hill B, "Effects of Bipolar Point and Line Stimulation in Anisotropic Rabbit Epicardium:  Assessment of the Critical Radius of Curvature for Longitudinal Block," IEEE Trans. Biomed.  Eng. 42 (10);957-966:1995

Zhou X, Ideker RE, Blitchington TF, Smith WM, Knisley SB, "Optical Transmembrane Potential Measurements During Defibrillation-Strength Shocks in Perfused Rabbit Hearts," Circ.  Res.  77;593-602:1995

Knisley S, Grant A, "Asymmetrical Electrically-Induced Injury of Rabbit Ventricular Myocytes," J. Molecular and Cellular Cardiol.   27; 1111-1122: 1995

Ideker RE, Zhou X, Knisley SB, "Correlation among Fibrillation, Defibrillation and Cardiac Pacing,"  Pacing and Clinical Electrophysiol. 18; 512-525:1995  

Knisley S, Smith W, Ideker R, "Prolongation and Shortening of Action Potentials by Electrical Shocks in Frog Ventricular Muscle," Am. J. Physiol.; Heart and Circ.  Physiol.  266; H2348-H2358:  1994.

Knisley S, Hill B, Ideker R, "Virtual Electrode Effects in Myocardial Fibers," Biophys. J.  66;719-728: 1994.

Blanchard S, Knisley S, Walcott G, Ideker R, "Defibrillation Waveforms" in Implantable Cardioverter-Defibrillator,  ed. I Singer, Futura Publishing Co., Inc., pp. 153-178:1994.

Walcott GP, Walcott KT, Knisley SB, Zhou X, Ideker RE, "Mechanisms of Defibrillation for Monophasic and Biphasic Waveforms," Pacing and Clinical Electrophysiol.  17:478-498:1994.

Knisley S, Hill B, "Optical Recordings of the Effect of Electrical Stimulation on Action Potential Repolarization and the Induction of Reentry in Two-dimensional Perfused Rabbit Epicardium," Circulation  88;2402-2414:1993.

Knisley S, Blitchington T, Hill B, Grant A, Smith W, Pilkington T, Ideker R, "Optical Measurements of Transmembrane Potential Changes During Electric Field Stimulation of Ventricular Cells," Circ.  Res. 72;255-270:1993.

Knisley S, Smith W, Ideker R, "Effect of Intrastimulus Polarity Reversal on Electric Field Stimulation Thresholds in Frog and Rabbit Myocardium," Journal of Cardiovascular Electrophysiol. 3; 239-254:1992.

Knisley S, Smith W, Ideker R, "Effect of Field Stimulation on Cellular Repolarization in Rabbit Myocardium: Implications for Reentry Induction," Circulation Research 70;707-715:1992.
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Knisley S, Afework Y, Li J, Smith W, Ideker R, "Dispersion of Repolarization Induced by a Nonuniform Shock Field," Pacing and Clinical Electrophysiol. 14;1148-1157:1991.
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B.A.
1961
Mathematics

University of Arizona, Tucson, AZ
M.S.
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University of North Carolina, Chapel Hill, NC
Ph.D.
1973
Bio. Eng & Math

Professional Experience:

1961-62
High School Teacher, Mathematics, English, and Basic Science, United States Army 


Education Center, Furth, Germany
1962-65
Junior Systems Analyst, Cargill, Inc., Minneapolis, MN
1965-67
Teaching Assistant, Department of Mathematics, University of Arizona, Tucson, AZ
1967-68
Research Assistant, Curriculum in Biomedical Mathematics and Engineering 


(BMME), University of North Carolina, Chapel Hill, NC  (UNC-CH)
1968-72
National Institutes of Health Trainee, BMME, UNC-CH
1972
Research Fellow, Division of Cardiothoracic Surgery, UNC-CH
1973-76
Research Associate, Div. of Cardiothoracic Surgery, UNC-CH
1976-77
Lecturer, Department of Surgery, BMME, UNC-CH

1977-84
Assistant Professor, Department of Surgery, BMME, UNC-CH
1984-89
Associate Professor, Department of Surgery, BMME, UNC-CH

1987-
Adjunct Associate Professor, Curriculum in Applied Sciences, UNC-CH

1989-
Professor, Departments of Surgery and Biomedical Engineering, UNC-CH
1990-92
Acting Chair, Department of Biomedical Engineering, UNC-CH

1992-
Chair, Department of Biomedical Engineering, UNC-CH

1996-
Professor, Curriculum in Applied Sciences, UNC-CH

Honors and Awards:

Chemistry Award, 1959; Phi Kappa Phi, 1960; Magna Cum Laude, 1961; Who's Who Among Students in American Universities and Colleges, 1961; Pi Mu Epsilon, 1967; American Men and Women of Science—Physiological and Biological Sciences (14th edition onward), 1979-present; Founders Award from North Carolina Heart Association, 1981, 1984; Who's Who of American Women, 1983 (13th edition onward); AIMBE Fellow, 1994; Dakota Wesleyan University Alumnus of the Year, 1994; Surgery and Bioengineering NIH Study Section, 1993-; NSF NYI Reviewer 1992, 93, 94, President, Cardiovascular System Dynamics Soc., 1994-96.
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Radke NF, Lucas CL, Wilcox BR, Keagy BA.  Infant pulmonary vascular model based on the pulmonary input impedance spectrum.  Ann Biomed Eng 13:531-50, 1985.
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Lucas CL, Wilcox BR, Ha B, Henry GW.  Comparison of time domain algorithms for estimating aortic characteristic impedance in humans.  IEEE Trans Biomed Eng 35:62-8, 1988.
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Summary of Faculty with BME-Related Interests
NC State Faculty with BME-Related Interests

	Name (Department)
	BME-Related Research Interests
	BME-Related Courses

	David B. Beasley (Biological & Agricultural Eng.)
	Water Quality
	

	Susan B. Blanchard (Biological & Agricultural Eng.)
	Cardiovascular Electrophysiology, Bioelectricity
	

	S. Andrew Hale (Biological & Agricultural Eng.)
	Bioprocessing & Control Systems
	BAE410 – Bioinstrumentation

BAE501 – Instrumentation & Control of Biological Systems

	Peter L. Mente (Biological & Agricultural Eng.)
	Biomechanics
	

	Larry F. Stikeleather (Biological & Agricultural Eng.)
	Biomechanics
	BAE522 – Mechanics of Biological Materials

	Stuart Cooper (Chemical Eng.)
	Biomaterials
	

	Jason Haugh (Chemical Eng.)
	Tissue & Cell Eng.
	

	Michael Overcash (Chemical Eng.)
	Bioprocessing & Biomaterials
	ChE: Life Cycle Analysis

	O. D. Velev (Chemical Eng.)
	Microfluidic Devices, Biosensors
	ChE: Collodial Science & Nanoscale Eng.

	G. Mahinthakumar (Civil Eng.)
	Tera-Scale Modeling, Biofluid Dynamics
	

	Donald L. Bitzer (Computer Science)
	Genetic Coding, Convolutional Codes, Drug Production
	CSC: Information Theory

CSC: Convolution Coding

	Jon Doyle (Computer Science)
	Decision-Theoretic Diagnosis, Artificial Intelligence
	

	Purush Iyer (Computer Science)
	Modeling and Software Control of Biomedical Devices
	

	Frank Mueller (Computer Science)
	Low-Power Microprocessors
	

	Mladen A. Vouk (Computer Science)
	Software & Systems Safety, Reliability, & Fault Tolerance
	CSC: Information Theory

CSC: Convolution Coding

	Winser Alexander (Electrical & Computer Eng.)
	Signal Processing for Bioinformatics
	

	Salah Bedair (Electrical & Computer Eng.)
	Biophotonics, Biosensors
	

	Mo-Yuen Chow (Electrical & Computer Eng.)
	Biomechatronics, Rehabilitation Systems
	

	Thomas Conte (Electrical & Computer Eng.)
	Low-Power Microprocessors
	

	Rhett Davis (Electrical & Computer Eng.)
	Bioelectronics
	

	Alex Dean (Electrical & Computer Eng.
	Embedded Microprocessors
	

	Edward Grant (Electrical & Computer Eng.)
	Biorobotics, Rehabilitation Eng., Functional Electrical Stimulation, Intelligent Sensor Systems, Electrotextiles
	ECE455 – Robotic Systems 

ECE: Intelligent Sensing & Control

ECE: Animatronics & Artificial Life

	Robert Kolbas (Electrical & Computer Eng.)
	Biophotonics, Intracellular Eng.
	

	Hamid Krim (Electrical & Computer Eng.)
	Medical Imaging, Genomics, Proteomics, Metabolomics,  Signal, Image and Information Processing
	ECE714 – Probability & Random Processes

ECE751 – Statistical Estimation & Detection


	Gianluca Lazzi (Electrical & Computer Eng.)
	Implantable Wireless Systems, Bioelectromagnetics
	ECE: Medical Application of Electromagnetic Fields

	John Muth (Electrical & Computer Eng.)
	Biophotonics, Electrotextiles
	ECE492K – Photonics

	H. Troy Nagle (Electrical & Computer Eng.)
	Biomedical Instrumentation, Biosensor Microfabrication, Implantable Devices, Machine Olfaction
	ECE436/592U – Digital Control Systems

ECE592Y – Advanced Medical Instrumentation

	Carl Osburn (Electrical & Computer Eng.)
	Micro/Nano Sensors & ElectroMechanical Structures
	ECE592M – Microsensors & Biosensors

	Sarah Rajala (Electrical & Computer Eng.)
	Medical Imaging
	ECE:  Statistical Pattern Recognition

	Eric Rotenberg (Electrical & Computer Eng.)
	Low-Power Microprocessors
	

	Wesley Snyder (Electrical & Computer Eng.)
	Medical Imaging, Emergency Medicine
	ECE:  Statistical Pattern Recognition

	Robert Trew (Electrical & Computer Eng.)
	Bioelectronics, Nanoelectronics
	

	H. Joel Trussell (Electrical & Computer Eng.)
	Medical Imaging
	

	Mark White (Electrical & Computer Eng.)
	Coclear Implants, Learning Machines
	ECE492Q/591Q – Machine Learning & Data Mining

ECE742 – Artificial Neural Networks

ECE791N – Adaptive Distributed Computation

	Denis Cormier (Industrial Eng.)
	Rapid Prototyping on Medical Implants
	IE/BAE5XX – Biomodeling

	Ola Harrysson (Industrial Eng.)
	Biomodeling, Rapid Prototyping of Medical Implants, Rehabilitation Eng.
	IE/BAE5XX – Biomodeling

	Gary A. Mirka (Industrial Eng.)
	Musculoskeletal Biomechanics, Electromyography, Biomechanical Modeling
	IE544 – Occupational Biomechanics


IE767 – Upper Extremity Biomechanics

IE768 – Spine Biomechanics

IE796 – Research Practicum in Occupational Biomechanics

	Lawrence Trachtman (Center For Universal Design)
	Rehabilitation Engineering, Assistive Technology, Disability, Universal Design
	IE589I ​ Human Centered Design

	C. M. Balik (Materials Science & Eng.)
	Drug Delivery Systems
	MAT:425 – Polymers

MAT775 – Polymer Science

	Jerry Cuomo (Materials Science & Eng.) 
	Biomaterials, Biosensors
	

	Gerd Duscher (Materials Science & Eng.)
	Nano-Characterization of Biomaterials, Transmission Electron Microscopy
	MSE: Intro to TEM

MSE: Biomaterials Characterization

	Mark Johnson (Materials Science & Eng.)
	Biophotonics
	

	Jag Kasichainula (Materials Science & Eng.)
	Thin-Film Structures for Biosensors
	

	Angus Kingon (Materials Science & Eng.) 
	Piezoelectric Sensors
	

	Jon-Paul Maria (Materials Science & Eng.)
	Biophotonics, Piezoelectric Sensors
	

	Michael Rigsbee (Materials Science & Eng.)
	Biomaterials
	

	Zlatko Sitar (Materials Science & Eng.)
	Biocompatibility, Sensors for Biodetection, BioMEMS
	

	Gregory D. Buckner (Mechanical & Aerospace Eng.)
	Robotics, Control systems, Bioinstrumentation
	

	Thomas A. Dow (Mechanical & Aerospace Eng.)
	Protein Sorting, Picoliter Fluid Dispensing
	

	J. R. Edwards (Mechanical & Aerospace Eng.)
	Drug Transport; Biochemical Reactions in Tissue
	

	Jeffrey W. Eischen (Mechanical & Aerospace Eng.)
	Human Body Modeling, Soft Tissue & Textile Mechanics, 
	

	Clement Kleinstreuer (Mechanical & Aerospace Eng.)
	Biofluid Dynamics, Aerosol Drug Delivery
	MAE: Two-Phase Flow

	A. V. Kuznetsov (Mechanical & Aerospace Eng.)
	Biofilm Analysis & Simulation
	

	A. Rabiei (Mechanical & Aerospace Eng.)
	Biomaterial Coatings, Biomaterials Processing
	MAE: Advances Materials

	Paul I. Ro (Mechanical & Aerospace Eng.)
	Medical Robotics, Bioinstrumentation
	MAE544 – Real-Time Robotics

	William L. Roberts (Mechanical & Aerospace Eng.)
	Experimental Biofluid Dynamics
	

	Stefan Seellecke (Mechanical & Aerospace Eng.)
	Smart Materials, Nanoinstrumentation, Intracellular Eng.
	MAE589D – Adaptive Structures

	Dmitriy Anistratov (Nuclear Eng.)
	Industrial-Medical Imaging
	

	Robin Gardner (Nuclear Eng.)
	Industrial-Medical Imaging
	

	Ayman Hawari (Nuclear Eng.)
	Industrial-Medical Imaging
	

	Kuruvilla Verghese (Nuclear Eng)
	Radiation physics, radiation transport, nuclear measurements, nuclear imaging,
	

	Martin King (Textile Apparel, Technology, & Management)
	Biotextiles, Biomaterials, Implantable Devices
	

	Harold Freemen (Textile Eng., Chem., & Sci.)
	Photodynamic Dyes
	

	Bhupender S. Gupta (Textile Eng., Chem., & Sci.)
	Fiber Properties and Structure, Biomedical Textiles, Biomaterials
	TMS 761 Mech/Rheo Prop of Fib Mat

TMS 762 Phys Prop of Fiber Forming

	Hechmi Hamouda (Textile Eng., Chem., & Sci.)
	Tissue Mechanics, Biomaterials
	TE467 – Tissue Mechanics & Biomaterials

	Samuel Hudson (Textile Eng, Chem, and Sci.)
	Biopolymers, Would Healing, Tissue Scaffolds
	TC 504(/604) Theory of Fiber Formation

	Marian G. McCord (Textile Eng., Chem., & Sci.)


	Biomaterials, Textile Implant Materials, Tissue Eng., Barrier Fabrics
	TE466/566 – Polymer Biomaterials eng.

	Alan Tonelli (Textile Eng., Chem, & Sci.)
	Drug Delivery Systems, Biopolymers
	

	Nina Allen (Botany)


	Cell Biology, Videomicroscopy
	

	Karl Bowman (Clinical Sciences, Vet Med)
	Equine orthopaedics, Biomechanics
	

	David J. DeYoung (Clinical Sciences, Vet Med)
	Prosthetic Implants, Development and Mechanical and Biological Mechanisms of Failure
	


	Eleanor Hawkins (Clinical Sciences, Vet Med)
	Respiratory disease, cough sound recording/analysis, pulmonary mechanics
	

	Duncan Lascelles (Clinical Sciences, Vet Med)
	Biomaterials, tissue engineering; implants; prostheses
	

	Denis Marcellin-Little (Clinical Sciences, Vet Med)
	Biological response to orthopedic implants, especially, cemented and uncemented total hip arthroplasty, limb lengthening and deformity correction.
	

	Robert E. Meyer (Anatomy, Physiological Sciences, and Radiology, Vet Med)
	Anesthesiology, modulation of tumor bloodflow and oxygenation, hyperthermia, nitiric oxide
	VMA840 – Principles of Anesthesia

VMA877 – Clinical Anesthesia

	Nancy Monteiro-Riviere (Center for Chemical Toxicology Research and Pharmacokinetics, Vet. Med.)
	Biomaterials, Tissue Eng.
	

	Jim Riviere (Center for Chemical Toxicology Research and Pharmacokinetics, Vet. Med.)
	Pharmocokinetic modeling through tissues and drug delivery
	

	Simon Roe (Clinical Sciences, Vet Med.)
	Orthopaedics, Biomaterials, Biomechanics, Implantable Devices
	

	Michael K. Stoskopf (Clinical Sciences, Toxicology, Vet Med)


	Biotelemetry and physiological monitoring of free-ranging wildlife, Imaging interpretation,
	VMS582 – Marine Mammal Medicine

	Thomas G. Wolcott (Marine, Earth and Atmospheric Sciences)
	Biotelemetry, field instrumentation
	MEA59X – Biotelemetry and Instrumentation Techniques

	Bernard Mair (Mathematics)
	Medical Imaging
	

	M. S. Olufsen (Mathematics)
	Arterial Blood Flow Modeling
	MATH: Biofluid Mechanics

	Sharon Lubkin (Biomathematics)
	Models for Tissue Properties & Dynamics, Tissue Eng., Wound Healing
	BMA571 – Diff Equations, Biomathematics

BMA611 – PDE Models in Biology 

MA 341 – ODEs

	Marie Davidian (Statistics)
	Biomedical Statistics
	ST730 – Longitudinal Data Analysis

	Sujit Ghosh (Statistics)
	Biomedical Statistics
	ST740 – Bayesian Inference

	Spencer Muse (Statistics)
	Bioinformatics, Statistical Genetics
	ST590A

	Anastasio Tsiatis (Statistics)
	Biomedical Statistics
	ST520 – Principles of Clinical Trials

Special topics courses:

      Survival Analysis

      Quality of Life

	Charles E. Smith (Statistics, Biomathematics)
	Neural models, pharmacokinetic residence time models; skin transport
	BMA/ST/610 – Stochastic Modeling

	Leonard Stefanski (Statistics)
	Statistical Image Processing  Stochastic Processes
	

	Bruce Weir (Statistics)
	Bioinformatics, Statistical Genetics
	ST721, ST770

	Zhao-Bang Zeng (Statistics)
	Bioinformatics, QTL Mapping
	Zhao

	Daowen Zhang (Statistics)
	Biomedical Statistics
	ST745 – Survival Analysis


	Hans Hallen (Physics)
	Biophotonics, Digital Microfluidics, Microinstrumentation
	

	Gayle Sayers (Physics)
	Medical Imaging
	


UNC-CH Faculty with BME-Related Interests 

	Name
	Support
	Research Interests
	Course Involvement

	Banes, Albert

(Orthopaedics)
	NIH ($782,058), NIH ($1,180,000)
	Orthopedic Biomechanics/Biomaterials/Tissue Eng.
	BMME 231-Special Topics Student Research Advisor

	Bayne, Stephen

(Biomaterials)
	
	
	

	Brookhart, Maurice

(Chemistry)
	
	
	

	Cascio, Wayne

(Medicine)
	
	Cardiac Electrophysiology
	Student Research Advisor

	Chaney, Edward

(Radiation Oncology)
	
	Medical Imaging: Development of new techniques for image guided radiotherapy treatment planning and verification. Deformable medial mod`els for image segmentation. Register volumetric images, and analyze portal images.
	Student Research Advisor

	Crowder, Timothy

(Oriel Therapeutics)


	
	Pulmonary Drug Delivery, Aerosol Formulations
	Oversee graduate research at Oriel 

	DeSimone, Joseph

(Chemisrty)
	
	
	

	Downs, Stephen

(Indiana University)
	 Robert Wood Johnson Foundation ($240,000), Dyson Foundation ($2,500,000)
	Decision Analysis and its applications in Clinical Guidelines Development and Computer-Based Medical decision Support Systems
	Student Research Advisor

	Erie, Dorothy

(Chemisrty)
	
	
	

	Falen, Steven

(Radiology)


	NIH ($1,189,241.00), NIH/NIGMS (1,644,558.00), US Army ($530,468)
	Medical Imaging
	Student Research Committee

	Favorov, Oleg

(University of Central Florida)
	
	Somatosensory Cortical Physiology and Neural Network Modeling of Cortical Information Processing
	

	Fenstermacher, David

(Pharmacology)


	National Cancer Inst. ($96,118), Cystic Fibrosis Foundation ($142,00), Cystic Fibrosis Foundation ($85,00), HHMI ($150,000), Nation Institute for Environmental Health Sciences ($300,000), National Cancer Institute ($40,000), UNC Shared Bioinformatics Resource ($450,000)
	Bioinformatics: Development of

information systems for high throughput genomics and proteomics technologies and distributed computing systems. Database development, expression array analysis, pattern recognition, user-interface development and systems support.
	Student Resaerch Advisor

	Finley, Charles

(Otolaryngology)


	NIH-NIDCD ($188,792)
	Design and application of cochlear prostheses to restore hearing. Mathematical modeling of cochlear implants using finite-element, electrical field models and lumped-element, neural response models to address optimal electrode design.
	BMME 201 Biomedical Instrumentation II

Student Research Advisor

	Forest, Greg

(Mathematics)
	
	
	

	Frey, Eric

(Johns Hopkins University)
	DigiRad Corp ($35,000); NCI ($492,047);  NIH ($1,159,396); Elgems ($50,000)
	Nuclear Medicine Imagine, Corrective Reconstruction Techniques in  Emission Computer Tomography, Application of High-Speed Computers to Image Reconstruction
	Student Research Advisor



	Fuchs, Henry

(Computer Science)


	NSF (496,751), NSF (425,809), DARPA ($195,497), DOE ($407,375)
	Visualization of medical imagery, immersive telepresence
	Student Research Advisor

	Giddings, Michael

(Microbiology/Immunology and Biomedical Engineering)
	NIH/NHGRI ($740,000)

Proteomics ($119,227)
	Bioinformatics: Developing new computational/bioinformatics methods in the area of proteomics. 
	Student Research Advisor

	Goldberg, Richard

(Biomedical Engineering)
	 NSF-($70,445)
	Medical Instrumentation, Assistive Devices
	BMME 107 Information, Modulation, Transmission & Noise, 120  Real-Time Computer Applications, 201 Biomedical Instrumentation II, 290 Rehabilitation Engineering Design. Student Research Advisor

	Hammond, John

(Pathology and Lab Medicine)
	 
	Medical Informatics with Emphasis on Clinical Databases, Physician Workstations, Computer System Integration and Applications in Laboratory Medicine
	

	Hickey, Anthony

(School of Pharmacy)
	NIH – Aerosol for Antitubercular Delivery 9/30/95 – 8/31/00 $952,579, Emisphere Technologies – The Effect of Proprietary Compounds on Disposition of Insulin from the

Lungs of Rats 3/1/98 – 10/1/99 $22,461,  Glaxo Wellcome, Inc. Dispersion of Pharmaceutical Powders 10/28/97 – 10/27/99 $82,365, ARDF (Alternatives Research & Development Foundation) Pharmaceutical Aerosol Disposition in a Simulated Lung Utilizing Human Bronchiolar Epithelial Cells 8/1/97 – 7/31/99 $20,000
	Pulmonary Drug Delivery, Aerosol Formulations
	BMME 231 Special Topics

Student Resarch Advisor

	Hsiao, Henry

(Biomedical Engineering)
	
	Medical Instrumentation, Interfacing Microprocessors to  Physiological Transducers, Telemedicine
	BMME 111 Biomedical Instrumentation; 201 Biomedical Instrumentation II,  Student Research Advisor

	Irene, Eugene

(Chemisrty)
	
	
	

	Ivanovic, Marija

(Radiology)
	
	Medical Imaging
	

	Johnson, Timothy

(Biomedical Engineering)
	NHLBI ($841,102), NHLBI Core B ($1,074,554), USEPA ($250,000)
	Cardiac Electrophysiology, Biomedical Instrumentation, Biosensors and Control Theory
	BMME 132 Linear Control Theory, Student Research Advisor

	Joshi, Sarang

(Radiation Oncology, Biomedical Eng)


	
	Imaging, Instrumentation
	BMME 121 Digital Signal Processing I, Student Research Advisor

	Knisley, Stephen

(Biomedical Engineering)
	NIH ($827,293),

NIH ($600,464), American Heart Association ($300,00), NIH
	Biosystems Analysis: Line Stimulation for Cardiac Electrical Therapy; Transmembrane Potential Mapping of Defibrillation; Electro-Optical Cardiac Measurement Technology; Spectrofluorometric methods in cardiac optical mapping with combinations of fluorescent dyes; Fluorescence emission ratiometry in cardiac optical mapping.
	BMME 154 Microelectrode Techniques, Student Research Advisor


	Kusy, Robert

(School of Dentistry, Biomedical Eng)
	NIH  ($412,648)
	Biomaterials, Applied Mechanics Structure-Property Relationships, Methodologies and Failure Modes of Cardiovascular Biosensors
	BMME; 260 Biomaterials Instrumentation, Student Research Advisor

	Lalush, David

(NCSU)
	National Human Genome Research Institute ($504,440)
	Diagnostic Applications of Gene Expression Data
	

	Lin, Weili

(Radiology, Biomedical Engineering)


	
	Medical Imaging: Magnetic Resonance Imaging Lab. Developing novel MR imaging methods for obtaining quantitative measurements of cerebral hemodynamics as well as oxygen metabolism.
	BMME 231 Special Topics (MRI), Student Research Advisor

	Lucas, Carol

(Biomedical Eng, Surgery)
	
	Digital Signal Processing, Mathematical Modeling and Simulation, Pulmonary Circulation in Newborns and Infants
	BMME 121 Digital Signal Processing; 153 Biomathematical Modeling I, 222 Hemodynamics; 233 Biomathematical Modeling; 235 Finite Element Analysis, Student Research Advisor

	Lu, Jianping

(Physics & Astronomy)
	
	
	

	Macdonald, Jeffrey

(Biomedical Eng)
	NC Biotechnology Center ($436,000), NIH/NCI ($23,831), Incara Pharmaceuticals ($370,000), Whitaker Foundation ($285,000), NIH/NIDDK ($305,528)
	Tissue Enginering: Development of a bioartificial liver by expansion and subsequent differentiation of human liver progenitors, and the non-invasive analysis of biological systems by NMR and MRI. Other interests include development of bioreactors for adherent cell types, and metabolite profiling techniques for functional genomics, toxicity testing, and cell therapy.
	BMME 151 From Genes to Tissues: Molecular Biology and Genetics for Biomedical Engineers, 251 Physiology and Methods in Genomics, Student Research Advisor

	McNeil, Laurie

(Physics & Astronomy)
	
	
	

	Murray, Royce

(Chemisrty)
	
	
	

	Nagle, Troy

(North Carolina State University)
	
	Microlelectronics, Instrumentation: Designs and fabricates microsensors for use in medical instrumentation.
	Student Research Advisor

	Parikh, Nalin

(Physics & Astronomy)
	
	
	

	Pisano, Etta

(Radiology)
	National Cancer Institute ($45,639), American College of Eng ($4,000), National Cancer Institute ($273,597), NC Dept of Health & Human Services (84,636), NC Dept of Health & Human Services ($9,091), Nat. Cancer Inst. (223,331), US Army Med Res. (62,689),NLM (121,304)
	Medical Imaging: Research centers on improved technology development for breast cancer diagnosis. Includes research projects involving the entire process, from development of new hardware and software to clinical trials of existing imaging devices to the effects on patients of current clinical practice.
	Student Research Advisor

	Pizer, Stephen

(Computer Science)
	
	Medical Image Processing, Three-Dimensional Display Techniques
	BMME 259 Picture Processing & Pattern Recognition, Student Research Advisor

	Qin Lu, Chang

(Physics & Astronomy)
	
	
	


	Quint, Stephen

(Biomedical Eng)
	
	Signal Processing. Systems Analysis, Optimal Ventilation of Neonates
	BMME : 106 Systems & Signals; 120 Real-Time Computer Applications; 128 Analysis & Synthesis of Digital Systems; 220 Real-Time Computer Applications II; 223 Digital Signal Processing II; Digital Control Theory, Student Research Advisor

	Reid, Lola

(Cell & Molecular Physiology)


	
	Tissue Engineering:
	BMME 151 From Genes to Tissues: Molecular Biology and Genetics for Biomedical Engineers, 251 Physiology and Methods in Genomics, Student Research Advisor

	Rosenman, Julian

(Radiation Oncology)
	
	
	

	Rubinstein, Michael

(Chemistry)
	
	
	

	Samulski, Edward

(Chemistry)
	
	
	

	Superfine, Richard

(Physics & Astromony)
	
	
	

	Taylor, Russ

(Materials & Computer Science)
	
	
	

	Thompson, Jeff

(School of Dentistry)
	NIH-NICDR ($479,364)
	Dental Materials, Fracture Mechanics, Atomic Force Microscopy, 
	BMME 112 Biomaterials 160 Fundamentals of Materials Engineering, Student Research Advisor 

	Tommerdahl, Mark

(Biomedical Engineering)
	Whitehall Fdn ($75,000);  Whitehall Fdn Interest Acct ($5,907); NIH ($496,362)
	Somatosensory  Cortical Dynamics and Neurocomputation in Living Neural Networks, Methods for Acquisition and Analysis of Neurophysiology
	BMME 181 Systems Physiology for Biomedical Engineers; 281 Systems Physiology for Biomedical Engineers , Student Research Advisor

	Tropsha, Alexander

(School of Pharmacy)
	
	Bioinformatics
	Student Research Advisor

	Tsui, Benjamin

(Johns Hopkins University)
	NCI ($946,048);  NIH ($1,309,032); 
	Medical Imaging Especially in the areas of Single-Photon Emission Computed Tomograpgy (SPECT) and Magnetic Resonance Imaging (MRI)
	Stduent Research Advisor

	Tsui, Frank 

(Physics & Astronomy)
	
	
	

	Vaughn, Bradley

(Neurology)
	
	
	Student Research Advisor

	Washburn, Sean

(Ohysics & Astronomy)
	
	
	

	Weinhold, Paul

(Orthopaedics, Biomedical Eng)
	Whitaker (208,934)

UNC Foundation ($5000)
	Orthopedic Biomechanics and Biomaterials
	BMME 102 Biomechanics, 212 Advanced Biomaterials

Student Research Advisor

	Whitsel, Barry

(Cell & Molecular Physiology, Biomedical Engineering)
	NIH - SI Cortical Response to Cutaneous Flutter Vubration - 2/96-1/2000 $349,361


	Computation by Neural Networks, Somatosensory Nervous System, Cerebral Cortex
	


	Yu, Bing

(Allied Health Sciences)
	
	Physical Therapy
	Student Research Advisor

	Wu, Yue

(Physics & Astronomy)
	
	
	

	Wildemuth, Barbara

(School of Information and Library Science)
	CISE/NSF($697,338), National Institute forNursing Research($219,818)
	
	

	Zar, Harvey

(Anesthesiology)
	
	
	Student Research Advisor

	Zhou, Otto

(Physics & Astronomy)
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BME Depts-Progs3

		* -- Reflects current data for programs established after 1998.												ASEE Faculty Data (97-98 AY)										Bachelors Level Data (97-98 AY)										Masters Level Data (97-98 AY)										Doctoral Level Data (97-98 AY)

		institution		current admin structure		date current admin  est.		chair/director		chair email		chair phone		teaching  tenure FT		teaching  nonten FT		research    FT		BS		year  BS est.		BS enroll ASEE		BS enroll EWC		# awarded (ASEE)		BME/BioE ABET accredited		MS		year MS est.		MS enroll ASEE		MS enroll EWC		# awarded (ASEE)		PhD		year PhD est.		PhD enroll ASEE		PhD enroll EWC		# awarded (ASEE)

		Alfred University		Biomedical Materials Engineering Science Program		1999*		William LaCourse		flacourse@bigvax.alfred.edu		(607) 871-2466																				yes		1999

		Arizona State University		Bioengineering Program		1985		Eric J. Guilbeau		eric.guilbeau@asu.edu		(480) 965-3676		9.5		1		1.2		major		1985		226				32		1985		yes		1988		27				12		yes		1988		25				0

		Boston University		Department of Biomedical Engineering		1966		Kenneth R. Lutchen		klutch@bu.edu		(617) 353-2805		23		8		2		major		1966		361		340		76		1983		yes		1984		24		23		10		yes		1990		49		46		5

		Brown University		Concentration in Biomedical Engineering		1999		Michael J. Lysaght		lysaght@brown.edu		(401) 863-1752		0		0		0		concen*		1999*		6*		6*		0*				yes		1998		0		4		0

		Carnegie Mellon University		Biomedical Engineering Program		1970		Michael M. Domach		md0q@andrew.cmu.edu		(412) 268-2246		3		3		3.5		major*		2000*		64*		64*						yes		1970		3		3		1		yes		1970		6		6		2

		Case Western Reserve University		Department of Biomedical Engineering		1968		Patrick E. Crago		pec3@po.cwru.edu		(216) 368-3977		19		0		1		major		1973		114		114		29		1977		yes		1965		51		51		26		yes		1965		72		72		9

		Catholic University of America		Department of Biomedical Engineering		1998		Ayden Tozeren		tozeren@cua.edu		(202) 319-5671								major		1968				50		18		1990		yes		1992				8				yes		1992				3

		City College, CUNY		Center for Biomedical Engineering		1994		Stephen Cowin		scccc@cunyvm.cuny.edu		(212) 650-5208								concen		1995										yes*		2000*								yes*		1999*

		Clemson University		Department of Bioengineering		1984		Subrata Saha		subrata.saha@ces.clemson.edu		(864) 656-7603		9		0		2		minor		1998										yes		1966				39				yes		1963				18

		Columbia University		Department of  Biomedical Engineering		1998		Van C. Mow		vcm1@columbia.edu		(212) 854-8462		3		5		30		major		1966		68		68		11				yes		1962		5		5		3		yes		1962		7		7		2

		Cornell University		Program in Bioengineering		1994		Michael Shuler		mls@cheme.cornell.edu		(607) 255-7577																				yes		1994								yes		1994

		Dalhousie University		School of Biomedical Engineering		1999*		J. Michael Lee		jmlee@is.dal.ca		(902) 494-6734		14*		5*		0*														yes*		1999*		4*		4*		0*		yes*		1999*		1*		1*		0*

		Drexel University		School of Biomedical Engineering		1997		Banu Onaral		onaral@cbis.ece.drexel.edu		(215) 895-2247		6		3		4		major		1998		32		32		0				yes		1961		54		54		16		yes		1965		26		26		3

		Duke University		Department of Biomedical Engineering		1967		Roger Barr		roger.barr@duke.edu		(919) 660-5122		16		6		10		major		1970		162		163		75		1972		yes		1970		3		3		10		yes		1970		72		72		8

		Florida A&M-Florida State University		Program in Biomedical Engineering		2000*		Michael H. Peters		peters@eng.fsu.edu		(850) 410-6149								major*		2000										yes*		2000*		4*						yes*		2000*		2*

		Florida International University		Biomedical Engineering Institute		1999*		Richard T. Schoephoerster		schoepho@fiu.edu		(305) 348-6950		4		1		1		minor*		1999*		4*		4*		0*				yes*		1999*		6*		6*		0*

		Georgia Tech/Emory		Department of Biomedical Engineering/Bioengineering		1997		Don Giddens		don.giddens@bme.gatech.edu		(404) 894-6825		3		0		1		minor*		1999*										yes		1992		6		6		1		yes		1994		22		22		2

		Harvard University -- MIT		Division of Health Sciences and Technology		1970		Martha L. Gray		mgray@mit.edu		(617) 258-8974																														yes		1970

		Illinois Institute of Technology		Program in Biomedical Engineering		1999*		Robert Arzbaecher		arzbaecher@iit.edu		(312) 567-6460		3*		0*		0*																								yes*		1999*		8*		8*		0*

		Indiana University-Purdue University at Indianapolis		Program in Biomedical Engineering		1997		Edward J. Berbari		berbari@engr.iupui.edu		(317) 274-9721		4		0.5		0.5														yes		1997		3		3		1

		Johns Hopkins University		Department of Biomedical Engineering		1970		Murray B. Sachs		msachs@bme.jhu.edu		(410) 955-3131		18		0		5		major		1979		486		486		91		1983		yes		1972		39				18		yes		1961		72		40		7

		Louisiana Tech University		Department of Biomedical Engineering		1976		Stan A. Napper		san@engr.latech.edu		(318) 257-2645		7		0				major		1972		163		152		23		1978		yes		1972		11		12		4		yes		1972		11		11		0

		Massachusetts Institute of Technology		Division of Bioengineering and Environmental Health		1998		Douglas Lauffenburger		lauffen@mit.edu		(617) 252-1629		6		0				minor		1998																				yes		1999*		28*		28*

		Marquette University		Department of Biomedical Engineering		1989		Jack M.  Winters		jack.winters@marquette.edu		(414) 288-3375		8		1				major		1978		253		100		33		1983		yes		1968								yes		1968

		Mayo Graduate School/Mayo Foundation		Biomedical Engineering Program		1998		Richard A. Robb		rar@mayo.edu		(507) 284-4937																														yes		1997

		Michigan Technological University		Center for Biomedical Engineering		1997		David A. Nelson		danelson@mtu.edu		(906) 487-2749								major		1997

		Milwaukee School of Engineering		Biomedical Engineering Program		1972		Vincent R. Canino		canino@msoe.edu		(414) 277-7331								major		1972				99				1990

		New Jersey Institute of Technology		Department of Biomedical Engineering		2000		Richard Foulds		foulds@njit.edu		(973) 596-3335								major*		2000*										yes		1981		15

		Northwestern University		Biomedical Engineering Department		1985		Robert A. Linsenmeier		r-linsenmeier@nwu.edu		(847) 491-3043		12		0		0		major		1971		289		288		50		1982		yes		1969		6		6		18		yes		1969		61		61		9

		Ohio State University		Biomedical Engineering Center		1971		Mauro Ferrari		ferrari.5@osu.edu		(614) 292-4756		4		0		1														yes		1970		14		14		10		yes		1970		37		37		8

		Oregon State University		Bioengineering Program		1996		Joseph McGuire		mcguirej@engr.orst.edu		(541) 737-6306								major		1996

		Penn State University		Bioengineering Program		1971		Herbert H. Lipowsky		hhlbio@engr.psu.edu		(814) 865-1407		7		0		0														yes		1971		10		13		7		yes		1971		20		20		4

		Purdue University		Department of Biomedical Engineering		1998		George R. Wodicka		wodicka@ecn.purdue.edu		(765) 494-2998		7		0		0														yes		1997		7		7		1		yes		1997		11		11		0

		Rensselaer Polytechnic Institute		Department of Biomedical Engineering		1970		Robert L. Spilker		spilker@rpi.edu		(518) 276-2154		8		0		1		major		1970		71		71		34		1972		yes		1970		26		26		10		yes		1970		14		14		3

		Rice University		Department of Bioengineering		1997		Larry V. McIntire		mcintire@rice.edu		(713) 348-4903		7		3				major*		1999*		32*		32*						yes		1996								yes		1996		33		33

		Rose-Hulman Institute of Technology		Applied Biology and Biomedical Engineering Department		1997		Lee Waite		lee.waite@rose-hulman.edu		(812) 877-8404		8		0				minor		1996										yes		1993		11		11		3

		Rutgers University		Department of Biomedical Engineering		1986		Evangelia Micheli-Tzanakou		etzanako@biomed.rutgers.edu		(732) 445-3155		8		0		8														yes		1975		36		38		12		yes		1975		59		51		5

		St. Louis University		Department of Biomedical Engineering		1997		Charles Kirkpatrick		kirkpacc@slu.edu		(314) 977-8203								major		1997

		Stanford University		Biomechanical Engineering Division		1995		Thomas P. Andriacchi		tandriac@leland.stanford.edu		(650) 723-8024								minor												yes		1991								yes		1991

		SUNY at Stony Brook		Program in Biomedical Engineering		1995		Kenneth J. McLeod		kmcleod@notes.cc.sunysb.edu		(631) 632-3487		7		1		0		minor		1995										yes		1996				15		6		yes		1998				9		0

		Syracuse University		Department of Bioengineering and Neuroscience		1986		Steven C. Chamberlain		steve_chamberlain@isr.syr.edu		(315) 443-1931		8		1		2		major		1973		100		100		24		1987		yes		1998		17		17		6		yes		1970		9				2

		Texas A&M University		Biomedical Engineering Program		1972		William Hyman		w-hyman@tamu.edu		(409) 845-5532								major		1972				353		53		1977		yes		1972				25		9		yes		1972				13		3

		Trinity College		Department of Engineering		1997		Joseph D. Bronzino		joseph.bronzino@trincoll.edu		(203) 297-2224								spec		1975

		Tulane University		Department of Biomedical Engineering		1977		Richard T. Hart		Rich.Hart@tulane.edu		(504) 865-5889		11		1		0		major		1972		170		170		37		1981		yes		1977		20		20		9		yes		1977		28		28		2

		University of Akron		Department of Biomedical Engineering		1984		Mary C. Verstraete		mary@biomed.uakron.edu		(330) 972-7691		7		0		1		major		1998		24								yes		1984		16				10		yes		1984						3

		University of Alabama at Birmingham		Department of Biomedical Engineering		1979		Linda Lucas		llucas@eng.uab.edu		(205) 934-8422		9		0		3														yes		1979		17		17		0		yes		1983		42		42		4

		University of Alberta		Department of Biomedical Engineering		1995		Peter S. Allen		peter.allen@ualberta.ca		(780) 492-6397																				yes		1982								yes		1986

		University of Arizona		Biomedical Engineering Program		1997		Stuart K. Williams		skwill@u.arizona.edu		(520) 626-4707		5		0		0														yes		1997		4		4		0		yes		1997		8		8		0

		University of Calgary		Biomedical Engineering Graduate Programme		1996		Nigel G. Shrive		shrive@ucalgary.ca		(403) 220-6630																				yes		1996								yes		1996

		University of California, San Francisco		Joint Graduate Group in Bioengineering (w/ UC, Berkeley)		1998		Thomas F. Budinger		tfbudinger@lbl.gov		(510) 642-5833																														yes		1984

		University of California, Berkeley		Department of Bioengineering		1998		Thomas F. Budinger		tfbudinger@lbl.gov		(510) 642-5833								major		1998				191		18												0		yes		1984				18		2

		University of California, San Diego		Department of Bioengineering		1966		David Gough		dgough@bioeng.ucsd.edu		(858) 822-3446		8		0		6		major		1966		591		591		53		1987		yes		1966		17		17		17		yes		1966		47		47		10

		University of California, Davis		Biomedical Engineering Graduate Group & Biomedical Engineering Division		1971		Katherine W. Ferrara		kwferrar@ucdavis.edu		(530) 752-2611		3		40		1		major*		2000*										yes		1980		25		35		7		yes		1971		16		19		2

		University of California, Irvine		Center for Biomedical Engineering		1999*		Michael Berns		mberns@bli.uci.edu		(949) 824-6291		0		0		0		minor*		1999*		13*		13*						yes*		1999*								yes		1999*		4*		4*

		University of California, Los Angeles		Biomedical Engineering Program		1998		Warren Grundfest		warrenbe@seas.ucla.edu		(310) 794-5550																				yes		1998								yes		1998

		University of Connecticut		Biomedical Engineering Graduate Program		1995		John D. Enderle		jenderle@eng2.uconn.edu		(860) 486-5521		20		20				minor*		1999*										yes		1963		40		40		7		yes		1963		14		14		2

		University of Florida		Biomedical Engineering Graduate Program		1997		Christopher Batich		cbati@mse.ufl.edu		(352) 392-6630																				yes		1997		3		3				yes		1997		2		2

		University of Hartford		Biomedical Engineering Program		1969		Michael Nowak		nowak@mail.hartford.edu		(860) 768-5079		3		0		0		concen		1994		20		20		5														yes		1969

		University of Illinois, Chicago		Bioengineering Department		1965		Richard L. Magin		rmagin@uic.edu		(312) 996-2331		2		3		0		major		1965		93		93		23		1976		yes		1973		28		28		9		yes		1973		16		16		4

		University of Iowa		Department of Biomedical Engineering		1981		Krishnan B. Chandran		chandran@engineering.uiowa.edu		(319) 335-5640		9		0				major		1978		199		198		28		1986		yes		1986		12		15		7		yes		1986		23		28		7

		University of Kentucky		Center for Biomedical Engineering		1985		Charles F. Knapp		knapp@pop.uky.edu		(606) 257-2894		9		0		3														yes		1988		22		22		6		yes		1988		5		5		1

		University of Memphis, University of Tennessee at Memphis		Department/School of Biomedical Engineering		1996		Vincent Turitto/Frank Di Bianca		vturitto@postoffice.memphis.edu		901-678-4299/901448-7099		18		2		0														yes		1989		45		45		20		yes		1989		22		22		4

		University of Miami		Department of Biomedical Engineering		1979		Ozcan Ozdamar		oozdamar@eng.miami.edu		(305) 284-2136								major		1993				153				1997		yes		1979				27				yes		1981				19

		University of Michigan		Department of Biomedical Engineering		1996		Matthew O'Donnell		odonnel@eecs.umich.edu		(734) 764-8589		7		0		2														yes		1964		55		55		25		yes		1964		52		52		6

		University of Minnesota		Department of Biomedical Engineering		1998		Robert T. Tranquillo		tranquillo@cems.umn.edu		(612) 625-6868		7		0		0		major*		2000*										yes		1986		27		27		7		yes		1972		39		39		3

		University of North Carolina at Chapel Hill		Department of Biomedical Engineering		1992		Carol L. Lucas		clucas@bme.unc.edu		(919) 966-1175		7		8		0		concen*		1999*										yes		1968		30		30		9		yes		1968		42		42		7

		University of Oklahoma		Bioengineering Center				Ed O'Rear		eorear@ou.edu		(405) 325-3754

		University of Pennsylvania		Department of Bioengineering		1973		Daniel Hammer		hammer@seas.upenn.edu		(215) 573-6761		12		0		2		major		1973		192		192		47		1982		yes		1973		8		8		8		yes		1961		48		48		6

		University of Pittsburgh		Department of Bioengineering		1998		Jerome Schultz		jssbio@pitt.edu		(412) 383-9700		7		15		5		major		1997		54		54		1				yes		1990		17		17		7		yes		1995		38		38		3

		University of Rochester		Biomedical Engineering Program		1997		Richard E. Waugh		waugh@seas.rochester.edu		(716) 275-3768		1.8						major		1997		124		124		3				yes		1996		4		4		3		yes		1996		17		17		0

		University of Southern California		Department of Biomedical Engineering		1976		David Z. D'Argenio		dargenio@bmsr.usc.edu		(213) 740-0838		8		0		3		major		1974				253		52				yes		1969		23		23		6		yes		1969		31		31		6

		University of Texas at Arlington/SW Medical Center		Joint Program in Biomedical Engineering		1974		Robert C. Eberhart and Harold R. (Skip) Garner, Jr.		robert.eberhart@email.swmed.edu and garner@utsw.swmed.edu		(817) 272-2249 and (214) 648-1194		5		0		31														yes		1974		38		38		13		yes		1974		17		17		2

		University of Texas at Austin		Biomedical Engineering Program		1967		Kenneth R. Diller		kdiller@mail.utexas.edu		(512) 471-7167		27		0		0														yes		1967				16		4		yes		1971				23		3

		University of Toledo		Department of Bioengineering		1996		Krzysztof J. Cios		kcios@eng.utoledo.edu		(419) 530-8167		10		0		1		major		1997		66		66		2				yes		1996		30		30		20		yes		1996		16		16		2

		University of Toronto		Institute of Biomaterials and Biomedical Engineering		1999		Michael Sefton		sefton@chem-eng.utoronto.ca		(416) 978-3088		16		2		9		major		1993		52				22				yes		1962		63				26		yes		1962		26				7

		University of Utah		Department of Bioengineering		1974		Joseph D. Andrade		Joe.Andrade@m.cc.utah.edu		(801) 581-4379								major*		1999*										yes		1974				41				yes		1974				41

		University of Virginia		Department of Biomedical Engineering		1967		Jen-Shih Lee		jl@virginia.edu		(804) 243-6309		13		0		2		minor		1997		105		105		6				yes		1986		19		19		8		yes		1968		30		30		5

		University of Washington		Department of Bioengineering		1998		Yongmin Kim		ykim@u.washington.edu		(206) 685-2002		13		0		12		major		1985		11				5				yes		1983		12		12		5		yes		1985		105		105		9

		University of Wisconsin-Madison		Department of Biomedical Engineering		1999		Robert G. Radwin		radwin@engr.wisc.edu		(608) 263-6596		6.35		0		0		major		1998		75		75		0				yes		1975		23		23		2		yes		1998		4		4		0

		Vanderbilt University		Department of Biomedical Engineering		1988		Thomas R. Harris		thomas.r.harris@vanderbilt.edu		(615) 322-0842		11		0		0		major		1968		290		290		49		1992		yes		1980		8		8		10		yes		1980		31		31		2

		Virginia Commonwealth University		Department of Biomedical Engineering		1984		Gerald Miller		gemiller@vcu.edu		(804) 828-7263		7				3		major		1998		121								yes		1984		25				7		yes		1994		8		2

		Washington University, St. Louis		Department of Biomedical Engineering		1997		Frank C.P. Yin		yin@biomed.wustl.edu		(314) 935-6164		5		0		0		major		1997		215		215		24				yes		1993		13		13		5		yes		1993		17		17		0

		Wayne State University		Graduate Program in Biomedical Engineering		1998		Albert I. King		king@rrb.eng.wayne.edu		(313) 577-1347		6.75		0		1														yes		1998		41		41		1		yes		1998		19		19		1

		Western New England College		Biomedical Engineering Program		1974		Steven Schreiner		sschrein@wnec.edu		(413) 782-1727		1		1		0		major		1974				16		5

		Worcester Polytechnic Institute		Biomedical Engineering Department		1988		Christopher H. Sotak		csotak@wpi.edu		(508) 831-5617		5		0		2		major		1996		88		88		4				yes		1962		23		23		10		yes		1962		12		12		6

		Wright State University		Department of Biomedical and Human Factors Engineering		1983		Richard J. Koubek		rkoubek@Cs.Wright.Edu		(937) 775-5045		9		0				major		1978		156		124		19		1988		yes				50		20		12		yes		1997

		Yale University		Biomedical Engineering Program		1998		John C. Gore		john.gore@yale.edu		(203) 785-4912		3		5		1		major		1998		22		22																yes*		1999*		11*		11*

																								4993		5456		952								1126		1104		464						1381		1424		181
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bme progams-revised

		* -- Reflects current data for programs established after 1998.												ASEE Faculty Data (97-98 AY)										Bachelors Level Data (97-98 AY)										Masters Level Data (97-98 AY)										Doctoral Level Data (97-98 AY)

		institution		current admin structure		date current admin  est.		chair/director		chair email		chair phone		teaching  tenure FT		teaching  nonten FT		research    FT		BS		year  BS est.		BS enroll ASEE		BS enroll EWC		# awarded (ASEE)		BME/BioE ABET accredited		MS		year MS est.		MS enroll ASEE		MS enroll EWC		# awarded (ASEE)		PhD		year PhD est.		PhD enroll ASEE		PhD enroll EWC		# awarded (ASEE)

		Johns Hopkins University		Department of Biomedical Engineering		1970		Murray B. Sachs		msachs@bme.jhu.edu		(410) 955-3131		18		0		5		major		1979		486		486		91		1983		yes		1972		39				18		yes		1961		72		40		7

		University of Pennsylvania		Department of Bioengineering		1973		Daniel Hammer		hammer@seas.upenn.edu		(215) 573-6761		12		0		2		major		1973		192		192		47		1982		yes		1973		8		8		8		yes		1961		48		48		6

		Columbia University		Department of  Biomedical Engineering		1998		Van C. Mow		vcm1@columbia.edu		(212) 854-8462		3		5		30		major		1966		68		68		11				yes		1962		5		5		3		yes		1962		7		7		2

		University of Toronto		Institute of Biomaterials and Biomedical Engineering		1999		Michael Sefton		sefton@chem-eng.utoronto.ca		(416) 978-3088		16		2		9		major		1993		52				22				yes		1962		63				26		yes		1962		26				7

		Worcester Polytechnic Institute		Biomedical Engineering Department		1988		Christopher H. Sotak		csotak@wpi.edu		(508) 831-5617		5		0		2		major		1996		88		88		4				yes		1962		23		23		10		yes		1962		12		12		6

		University of Connecticut		Biomedical Engineering Graduate Program		1995		John D. Enderle		jenderle@eng2.uconn.edu		(860) 486-5521		20		20				minor*		1999*										yes		1963		40		40		7		yes		1963		14		14		2

		Clemson University		Department of Bioengineering		1984		Subrata Saha		subrata.saha@ces.clemson.edu		(864) 656-7603		9		0		2		minor		1998										yes		1966				39				yes		1963				18

		University of Michigan		Department of Biomedical Engineering		1996		Matthew O'Donnell		odonnel@eecs.umich.edu		(734) 764-8589		7		0		2														yes		1964		55		55		25		yes		1964		52		52		6

		Drexel University		School of Biomedical Engineering		1997		Banu Onaral		onaral@cbis.ece.drexel.edu		(215) 895-2247		6		3		4		major		1998		32		32		0				yes		1961		54		54		16		yes		1965		26		26		3

		Case Western Reserve University		Department of Biomedical Engineering		1968		Patrick E. Crago		pec3@po.cwru.edu		(216) 368-3977		19		0		1		major		1973		114		114		29		1977		yes		1965		51		51		26		yes		1965		72		72		9

		University of California, San Diego		Department of Bioengineering		1966		David Gough		dgough@bioeng.ucsd.edu		(858) 822-3446		8		0		6		major		1966		591		591		53		1987		yes		1966		17		17		17		yes		1966		47		47		10

		Marquette University		Department of Biomedical Engineering		1989		Jack M.  Winters		jack.winters@marquette.edu		(414) 288-3375		8		1				major		1978		253		100		33		1983		yes		1968								yes		1968

		University of North Carolina at Chapel Hill		Department of Biomedical Engineering		1992		Carol L. Lucas		clucas@bme.unc.edu		(919) 966-1175		7		8		0		concen*		1999*										yes		1968		30		30		9		yes		1968		42		42		7

		University of Virginia		Department of Biomedical Engineering		1967		Jen-Shih Lee		jl@virginia.edu		(804) 243-6309		13		0		2		minor		1997		105		105		6				yes		1986		19		19		8		yes		1968		30		30		5

		Northwestern University		Biomedical Engineering Department		1985		Robert A. Linsenmeier		r-linsenmeier@nwu.edu		(847) 491-3043		12		0		0		major		1971		289		288		50		1982		yes		1969		6		6		18		yes		1969		61		61		9

		University of Southern California		Department of Biomedical Engineering		1976		David Z. D'Argenio		dargenio@bmsr.usc.edu		(213) 740-0838		8		0		3		major		1974				253		52				yes		1969		23		23		6		yes		1969		31		31		6

		University of Hartford		Biomedical Engineering Program		1969		Michael Nowak		nowak@mail.hartford.edu		(860) 768-5079		3		0		0		concen		1994		20		20		5														yes		1969

																																														540		500		85

		Duke University		Department of Biomedical Engineering		1967		Roger Barr		roger.barr@duke.edu		(919) 660-5122		16		6		10		major		1970		162		163		75		1972		yes		1970		3		3		10		yes		1970		72		72		8

		Rensselaer Polytechnic Institute		Department of Biomedical Engineering		1970		Robert L. Spilker		spilker@rpi.edu		(518) 276-2154		8		0		1		major		1970		71		71		34		1972		yes		1970		26		26		10		yes		1970		14		14		3

		Carnegie Mellon University		Biomedical Engineering Program		1970		Michael M. Domach		md0q@andrew.cmu.edu		(412) 268-2246		3		3		3.5		major*		2000*		64*		64*						yes		1970		3		3		1		yes		1970		6		6		2

		Ohio State University		Biomedical Engineering Center		1971		Mauro Ferrari		ferrari.5@osu.edu		(614) 292-4756		4		0		1														yes		1970		14		14		10		yes		1970		37		37		8

		Syracuse University		Department of Bioengineering and Neuroscience		1986		Steven C. Chamberlain		steve_chamberlain@isr.syr.edu		(315) 443-1931		8		1		2		major		1973		100		100		24		1987		yes		1998		17		17		6		yes		1970		9				2

		Harvard University -- MIT		Division of Health Sciences and Technology		1970		Martha L. Gray		mgray@mit.edu		(617) 258-8974																														yes		1970

		University of Texas at Austin		Biomedical Engineering Program		1967		Kenneth R. Diller		kdiller@mail.utexas.edu		(512) 471-7167		27		0		0														yes		1967				16		4		yes		1971				23		3

		Penn State University		Bioengineering Program		1971		Herbert H. Lipowsky		hhlbio@engr.psu.edu		(814) 865-1407		7		0		0														yes		1971		10		13		7		yes		1971		20		20		4

		University of California, Davis		Biomedical Engineering Graduate Group & Biomedical Engineering Division		1971		Katherine W. Ferrara		kwferrar@ucdavis.edu		(530) 752-2611		3		40		1		major*		2000*										yes		1980		25		35		7		yes		1971		16		19		2

		Louisiana Tech University		Department of Biomedical Engineering		1976		Stan A. Napper		san@engr.latech.edu		(318) 257-2645		7		0				major		1972		163		152		23		1978		yes		1972		11		12		4		yes		1972		11		11		0

		Texas A&M University		Biomedical Engineering Program		1972		William Hyman		w-hyman@tamu.edu		(409) 845-5532								major		1972				353		53		1977		yes		1972				25		9		yes		1972				13		3

		University of Minnesota		Department of Biomedical Engineering		1998		Robert T. Tranquillo		tranquillo@cems.umn.edu		(612) 625-6868		7		0		0		major*		2000*										yes		1986		27		27		7		yes		1972		39		39		3

		University of Illinois, Chicago		Bioengineering Department		1965		Richard L. Magin		rmagin@uic.edu		(312) 996-2331		2		3		0		major		1965		93		93		23		1976		yes		1973		28		28		9		yes		1973		16		16		4

		University of Utah		Department of Bioengineering		1974		Joseph D. Andrade		Joe.Andrade@m.cc.utah.edu		(801) 581-4379								major*		1999*										yes		1974				41				yes		1974				41

		University of Texas at Arlington/SW Medical Center		Joint Program in Biomedical Engineering		1974		Robert C. Eberhart and Harold R. (Skip) Garner, Jr.		robert.eberhart@email.swmed.edu and garner@utsw.swmed.edu		(817) 272-2249 and (214) 648-1194		5		0		31														yes		1974		38		38		13		yes		1974		17		17		2

		Rutgers University		Department of Biomedical Engineering		1986		Evangelia Micheli-Tzanakou		etzanako@biomed.rutgers.edu		(732) 445-3155		8		0		8														yes		1975		36		38		12		yes		1975		59		51		5

		Tulane University		Department of Biomedical Engineering		1977		Richard T. Hart		Rich.Hart@tulane.edu		(504) 865-5889		11		1		0		major		1972		170		170		37		1981		yes		1977		20		20		9		yes		1977		28		28		2

																																														344		407		51

		Vanderbilt University		Department of Biomedical Engineering		1988		Thomas R. Harris		thomas.r.harris@vanderbilt.edu		(615) 322-0842		11		0		0		major		1968		290		290		49		1992		yes		1980		8		8		10		yes		1980		31		31		2

		University of Miami		Department of Biomedical Engineering		1979		Ozcan Ozdamar		oozdamar@eng.miami.edu		(305) 284-2136								major		1993				153				1997		yes		1979				27				yes		1981				19

		University of Alabama at Birmingham		Department of Biomedical Engineering		1979		Linda Lucas		llucas@eng.uab.edu		(205) 934-8422		9		0		3														yes		1979		17		17		0		yes		1983		42		42		4

		University of Akron		Department of Biomedical Engineering		1984		Mary C. Verstraete		mary@biomed.uakron.edu		(330) 972-7691		7		0		1		major		1998		24								yes		1984		16				10		yes		1984						3

		University of California, Berkeley		Department of Bioengineering		1998		Thomas F. Budinger		tfbudinger@lbl.gov		(510) 642-5833								major		1998				191		18												0		yes		1984				18		2

		University of California, San Francisco		Joint Graduate Group in Bioengineering (w/ UC, Berkeley)		1998		Thomas F. Budinger		tfbudinger@lbl.gov		(510) 642-5833																														yes		1984

		University of Washington		Department of Bioengineering		1998		Yongmin Kim		ykim@u.washington.edu		(206) 685-2002		13		0		12		major		1985		11				5				yes		1983		12		12		5		yes		1985		105		105		9

		University of Alberta		Department of Biomedical Engineering		1995		Peter S. Allen		peter.allen@ualberta.ca		(780) 492-6397																				yes		1982								yes		1986

		University of Iowa		Department of Biomedical Engineering		1981		Krishnan B. Chandran		chandran@engineering.uiowa.edu		(319) 335-5640		9		0				major		1978		199		198		28		1986		yes		1986		12		15		7		yes		1986		23		28		7

		Arizona State University		Bioengineering Program		1985		Eric J. Guilbeau		eric.guilbeau@asu.edu		(480) 965-3676		9.5		1		1.2		major		1985		226				32		1985		yes		1988		27				12		yes		1988		25				0

		University of Kentucky		Center for Biomedical Engineering		1985		Charles F. Knapp		knapp@pop.uky.edu		(606) 257-2894		9		0		3														yes		1988		22		22		6		yes		1988		5		5		1

		University of Memphis, University of Tennessee at Memphis		Department/School of Biomedical Engineering		1996		Vincent Turitto/Frank Di Bianca		vturitto@postoffice.memphis.edu		901-678-4299/901448-7099		18		2		0														yes		1989		45		45		20		yes		1989		22		22		4

																																														647		773		96

		Boston University		Department of Biomedical Engineering		1966		Kenneth R. Lutchen		klutch@bu.edu		(617) 353-2805		23		8		2		major		1966		361		340		76		1983		yes		1984		24		23		10		yes		1990		49		46		5

		Stanford University		Biomechanical Engineering Division		1995		Thomas P. Andriacchi		tandriac@leland.stanford.edu		(650) 723-8024								minor												yes		1991								yes		1991

		Catholic University of America		Department of Biomedical Engineering		1998		Ayden Tozeren		tozeren@cua.edu		(202) 319-5671								major		1968				50		18		1990		yes		1992				8				yes		1992				3

		Washington University, St. Louis		Department of Biomedical Engineering		1997		Frank C.P. Yin		yin@biomed.wustl.edu		(314) 935-6164		5		0		0		major		1997		215		215		24				yes		1993		13		13		5		yes		1993		17		17		0

		Virginia Commonwealth University		Department of Biomedical Engineering		1984		Gerald Miller		gemiller@vcu.edu		(804) 828-7263		7				3		major		1998		121								yes		1984		25				7		yes		1994		8		2

		Georgia Tech/Emory		Department of Biomedical Engineering/Bioengineering		1997		Don Giddens		don.giddens@bme.gatech.edu		(404) 894-6825		3		0		1		minor*		1999*										yes		1992		6		6		1		yes		1994		22		22		2

		Cornell University		Program in Bioengineering		1994		Michael Shuler		mls@cheme.cornell.edu		(607) 255-7577																				yes		1994								yes		1994

		University of Pittsburgh		Department of Bioengineering		1998		Jerome Schultz		jssbio@pitt.edu		(412) 383-9700		7		15		5		major		1997		54		54		1				yes		1990		17		17		7		yes		1995		38		38		3

		University of Rochester		Biomedical Engineering Program		1997		Richard E. Waugh		waugh@seas.rochester.edu		(716) 275-3768		1.8						major		1997		124		124		3				yes		1996		4		4		3		yes		1996		17		17		0

		University of Toledo		Department of Bioengineering		1996		Krzysztof J. Cios		kcios@eng.utoledo.edu		(419) 530-8167		10		0		1		major		1997		66		66		2				yes		1996		30		30		20		yes		1996		16		16		2

		Rice University		Department of Bioengineering		1997		Larry V. McIntire		mcintire@rice.edu		(713) 348-4903		7		3				major*		1999*		32*		32*						yes		1996								yes		1996		33		33

		University of Calgary		Biomedical Engineering Graduate Programme		1996		Nigel G. Shrive		shrive@ucalgary.ca		(403) 220-6630																				yes		1996								yes		1996

		Purdue University		Department of Biomedical Engineering		1998		George R. Wodicka		wodicka@ecn.purdue.edu		(765) 494-2998		7		0		0														yes		1997		7		7		1		yes		1997		11		11		0

		University of Arizona		Biomedical Engineering Program		1997		Stuart K. Williams		skwill@u.arizona.edu		(520) 626-4707		5		0		0														yes		1997		4		4		0		yes		1997		8		8		0

		University of Florida		Biomedical Engineering Graduate Program		1997		Christopher Batich		cbati@mse.ufl.edu		(352) 392-6630																				yes		1997		3		3				yes		1997		2		2

		Wright State University		Department of Biomedical and Human Factors Engineering		1983		Richard J. Koubek		rkoubek@Cs.Wright.Edu		(937) 775-5045		9		0				major		1978		156		124		19		1988		yes				50		20		12		yes		1997

		Mayo Graduate School/Mayo Foundation		Biomedical Engineering Program		1998		Richard A. Robb		rar@mayo.edu		(507) 284-4937																														yes		1997

		University of Wisconsin-Madison		Department of Biomedical Engineering		1999		Robert G. Radwin		radwin@engr.wisc.edu		(608) 263-6596		6.35		0		0		major		1998		75		75		0				yes		1975		23		23		2		yes		1998		4		4		0

		SUNY at Stony Brook		Program in Biomedical Engineering		1995		Kenneth J. McLeod		kmcleod@notes.cc.sunysb.edu		(631) 632-3487		7		1		0		minor		1995										yes		1996				15		6		yes		1998				9		0

		University of California, Los Angeles		Biomedical Engineering Program		1998		Warren Grundfest		warrenbe@seas.ucla.edu		(310) 794-5550																				yes		1998								yes		1998

		Wayne State University		Graduate Program in Biomedical Engineering		1998		Albert I. King		king@rrb.eng.wayne.edu		(313) 577-1347		6.75		0		1														yes		1998		41		41		1		yes		1998		19		19		1

		University of California, Irvine		Center for Biomedical Engineering		1999*		Michael Berns		mberns@bli.uci.edu		(949) 824-6291		0		0		0		minor*		1999*		13*		13*						yes*		1999*								yes		1999*		4*		4*

		Dalhousie University		School of Biomedical Engineering		1999*		J. Michael Lee		jmlee@is.dal.ca		(902) 494-6734		14*		5*		0*														yes*		1999*		4*		4*		0*		yes*		1999*		1*		1*		0*

		City College, CUNY		Center for Biomedical Engineering		1994		Stephen Cowin		scccc@cunyvm.cuny.edu		(212) 650-5208								concen		1995										yes*		2000*								yes*		1999*

		Massachusetts Institute of Technology		Division of Bioengineering and Environmental Health		1998		Douglas Lauffenburger		lauffen@mit.edu		(617) 252-1629		6		0				minor		1998																				yes		1999*		28*		28*

		Yale University		Biomedical Engineering Program		1998		John C. Gore		john.gore@yale.edu		(203) 785-4912		3		5		1		major		1998		22		22																yes*		1999*		11*		11*

		Illinois Institute of Technology		Program in Biomedical Engineering		1999*		Robert Arzbaecher		arzbaecher@iit.edu		(312) 567-6460		3*		0*		0*																								yes*		1999*		8*		8*		0*

		Florida A&M-Florida State University		Program in Biomedical Engineering		2000*		Michael H. Peters		peters@eng.fsu.edu		(850) 410-6149								major*		2000										yes*		2000*		4*						yes*		2000*		2*

																																				117		102		21						244		247		13

																																				245		215		43

		New Jersey Institute of Technology		Department of Biomedical Engineering		2000		Richard Foulds		foulds@njit.edu		(973) 596-3335								major*		2000*										yes		1981		15

																																				441		396		73

		Rose-Hulman Institute of Technology		Applied Biology and Biomedical Engineering Department		1997		Lee Waite		lee.waite@rose-hulman.edu		(812) 877-8404		8		0				minor		1996										yes		1993		11		11		3

		Indiana University-Purdue University at Indianapolis		Program in Biomedical Engineering		1997		Edward J. Berbari		berbari@engr.iupui.edu		(317) 274-9721		4		0.5		0.5														yes		1997		3		3		1

		Brown University		Concentration in Biomedical Engineering		1999		Michael J. Lysaght		lysaght@brown.edu		(401) 863-1752		0		0		0		concen*		1999*		6*		6*		0*				yes		1998		0		4		0

		Alfred University		Biomedical Materials Engineering Science Program		1999*		William LaCourse		flacourse@bigvax.alfred.edu		(607) 871-2466																				yes		1999

		Florida International University		Biomedical Engineering Institute		1999*		Richard T. Schoephoerster		schoepho@fiu.edu		(305) 348-6950		4		1		1		minor*		1999*		4*		4*		0*				yes*		1999*		6*		6*		0*

																										0		0								960		844		163

		Milwaukee School of Engineering		Biomedical Engineering Program		1972		Vincent R. Canino		canino@msoe.edu		(414) 277-7331								major		1972				99				1990

		Western New England College		Biomedical Engineering Program		1974		Steven Schreiner		sschrein@wnec.edu		(413) 782-1727		1		1		0		major		1974				16		5

		Trinity College		Department of Engineering		1997		Joseph D. Bronzino		joseph.bronzino@trincoll.edu		(203) 297-2224								spec		1975

																										137		5

		Oregon State University		Bioengineering Program		1996		Joseph McGuire		mcguirej@engr.orst.edu		(541) 737-6306								major		1996

		Michigan Technological University		Center for Biomedical Engineering		1997		David A. Nelson		danelson@mtu.edu		(906) 487-2749								major		1997

		St. Louis University		Department of Biomedical Engineering		1997		Charles Kirkpatrick		kirkpacc@slu.edu		(314) 977-8203								major		1997

																								497		717		35

		University of Oklahoma		Bioengineering Center				Ed O'Rear		eorear@ou.edu		(405) 325-3754

																										6310		992



jssbio@pitt.edu
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																																										yr		BS		PhD

						Table II- Summary Enrollment Data in Bioengineering														Cumm

		Program		Date Founded		1960-1969		1970-1979		1980-1989		1990-2000				Total				1960-1969		1970-1979		1980-1989		1990-2000				1960-1969		1970-1979		1980-1989		1990-2000						1961				2		67

		Bach.		Number		6		17		2		37				62				6		23		25		62				1432		4311		4548		5546						1962				4

				Current Enrollment		1432		2879		237		998				5546				1432		4311		4548		5546				6		23		25		62						1963				6

				Ave Enrollment/Progr.		239		169		119		27				89				239		187		182		89																1964				7

				Grads		230		600		37		85				952				230		830		867		952																1965		1		9

																																										1966		4		10

		MS		Number		14		17		14		26				71				14		31		45		71																1967		4		10

				Current Enrollment		367		276		277		186				1106				367		643		920		1106																1968		5		13

				Ave Enrollment/Progr.		26		16		20		7				16				26		21		20		16																1969		5		16

				Grads		167		122		109		54				452				167		289		398		452																1970		6		21

																																										1971		7		24

		Ph.D.		Number		17		17		12		28				74				17		34		46		74																1972		11		27

				Current Enrollment		540		407		773		247				1967				540		947		1720		1967																1973		14		28

				Ave Enrollment/Progr.		32		24		64		9				27				32		28		37		27																1974		16		30

				Grads		85		51		96		13				245				85		136		232		245																1975		16		31

																																										1976		16		31

																																										1977		16		32

																																										1978		18		32

						Year 2000												Potential																								1979		19		32

				BS																BE Courses/yr		Stud-courses/yr		TchMat/course		Total Sales																1980		19		33

				Fr		1386												2700																								1981		19		34

				So		1386		2		2772								2700		2		5400																				1982		19		34

				Jr		1386		4		5544								2700		4		10800																				1983		19		35

				Sr		1386		6		8316								2700		6		16200																				1984		19		38

																																										1985		21		39

				MS, yr1		553		6		3318								710		6		4260																				1986		21		41

				MS, yr2		553		2		1106								710		2		1420																				1987		21		41

																																										1988		21		43

				Ph.D. Yr 1		393		6		2358								259		6		1554																				1989		21		44

				Ph.D. Yr 2		393		4		1572								259		4		1036																				1990		21		45

																																										1991		21		46

										24986		$75		$1,873,950								40670		$75		$3,050,250																1992		21		47

																																										1993		23		48

																																										1994		23		51

																																										1995		23		52

																																										1996		25		56

																																										1997		31		61

																																										1998		37		65

																																										1999		39		71

																																										2000		44		72

		Table 1 Comparison of Biomedical Engineering Programs:1973 - 1999

		Program				1973		1999

		Bach.		Number of Programs		24		62

				Current Enrollment		852		5546

				Ave Enrollment/Progr.		36		89

				Grads		38*		952

		MS		Number of Programs		37		71

				Current Enrollment		505		1106

				Ave Enrollment/Progr.		14		16

				Grads		87*		452

		Ph.D.		Number of Programs		38		74

				Current Enrollment		412		1967

				Ave Enrollment/Progr.		11		27

				Grads		49*		245

		1973 data reported in reference 12. 1999 data from Whitaker Summit

		summary (reference 20).

		* Average of graduates from 1965 to 1973.
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