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makes it possible to incorporate specialized 
coursework. For instance, engineering stu-
dents can pursue elective work and undertake 
research projects in such fields as architecture, 
environmental studies, and materials science.

In their first year, enrolled students who have 
expressed an interest in an engineering con-
centration are assigned engineering faculty 
advisors who counsel interested students on 
the School’s degree requirements, policies, 
and procedures. Students formally enter the 
School at the end of their sophomore year or 
at any time in their undergraduate tenure that 
they have satisfied the necessary prerequisites. 

Four-year courses of study lead to the Bache-
lor of Arts (engineering science), the Bachelor 
of Science degree in biomedical engineering, 
chemical engineering, electrical and com-
puter engineering, geomechanics, mechanical 
engineering, optics, or an interdepartmental 
program in engineering and applied science. 
The Bache lor of Science degree programs in 
chemical, biomedical, electrical and computer,  
and mechanical engineering are accredited by 
the Accreditation Board for Engineering and 
Technology; seniors in these programs are 
eligible to take the “Fundamentals of Engi-
neering Examination’’ and are encouraged 
to do so. This is the first of two examinations 
leading to professional licensure. See pages 
138–157 for details about these programs.

BACHELOR OF ARTS
IN ENGINEERING SCIENCE
Another option for students, especially those 
who are uncertain about their intended 
specialization or are interested in a broad in-
troduction to several fields of engineering, is 
the B.A. (engineering science). This program 
provides a strong, technological education for 
students considering careers in law, medicine, 
or business, or wishing to delay engineering 
specialization to the graduate level. The 
underlying science and mathematics require-
ments are similar to those needed for most 
science and engineering concentrations. The 
other requirements are the same as those pre-
scribed for liberal arts degrees. As a result, the 
decision on a wide variety of possible course 
selections can be made at the beginning of 

the junior year, later than the usual timing for 
prospective B.S. (engineering) students. (See 
page 157 for more details.)

REQUIREMENTS FOR THE
DEGREE BACHELOR OF SCIENCE
In addition to the specific courses stipulated  
in the degree programs, students must satis-
factorily complete the following:
1. Semester hour requirements: The Depart-
ment of Biomedical Engineering requires 
a minimum of 130 semester hours; the 
Department of Chemical Engineering, 130; 
the Department of Electrical and Computer 
Engineering, 128; the Department of Me-
chanical Engineering, 129; and The Institute of 
Optics, 130.
2. Writing: Entering students are advised by 
the College Writing Center in the selection of 
an appropriate primary writing course. Stu-
dents should complete this requirement by 
the end of their first year. The ability to com-
municate clearly and effectively is extremely 
important. Each department and program 
has incorporated a discipline-specific upper-
level writing experience into the curriculum, 
as described in the Bulletin sections of each 
program. Every student must complete the 
upper-level writing requirements of their 
degree program.
3. Cluster requirements: Clusters in the areas 
of humanities and social sciences are an 
important and integral part of an engineering 
education, and should be carefully chosen 
with the help of faculty advisors. Students 
in Bachelor of Science degree programs in 
biomedical, chemical, electrical and computer, 
or mechanical engineering are required to 
complete one cluster in either the humanities 
or social sciences and an additional one or two 
humanities or social science courses for distri-
bution requirements. Students completing 
the Bachelor of Science degree programs 
in optics, geomechanics, or the interdepart-
mental program, or the Bachelor of Arts in 
engineering science, are required to complete 
two clusters, one each in the humanities and 
social sciences.

Another way of fulfilling cluster and distri-
bution requirements is to choose a minor 
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The College encompasses the disciplines of 
arts and sciences, as well as the departments 
within the School of Engineering and Applied 
Sciences, that together enroll the majority 
of University undergraduates and graduate 
students.

The School of Engineering and Applied Sci-
ences offers degree programs leading to 
the Bachelor of Arts (engineering science), 
Bachelor of Science, Master of Science, and 
Doctor of Philosophy degrees. Based on the 
fundamentals of science and engineering, the 
programs exist in and benefit from a strong 
liberal arts environment.

The undergraduate program provides edu-
cation for a lifetime career, not simply training 
for a specific job. The programs have two 
major objectives:
1. To prepare students for positions as 
practicing engineers and leaders in industry, 
government, education, and other areas of 
society.
2. To prepare students for graduate work 
leading to professions in medicine, law, and 
business as well as engineering, giving them 
an understanding of science and technology 
that will provide a firm foundation for their 
lifework.

Each program has adopted more specific goals 
and objectives that are given in the appropri-
ate discipline sections of this bulletin.

The emphasis is on both individual oppor-
tunity and collaborative team effort. Students 
are encouraged to participate in the many 
active research projects both in the School, 
and through cooperative internships in busi-
ness and industry. Flexibility in each program 
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from the offerings within the humanities or 
social science areas (which still requires a total 
of five or six courses from these areas). Refer 
to individual department or program sections 
in this Bulletin for further details.

4. Distribution requirements: Engineering stu-
dents must take four to six humanities and/or 
social sciences courses depending on their 
department's policy. For ABET- accredited 
degree programs, three of these courses must 
constitute an approved humanities/social sci-
ences cluster (regardless of the classification 
of the individual courses that make up the 
cluster). The remaining one or two courses 
must be classified by the College as humani-
ties and/or social sciences courses and must 
not emphasize basic skills in mathematics or 
computer programming.
5. Residency requirement: The intent of the 
residency requirement is to ensure that grad-
uates have taken a substantial number of the 
advanced courses required for their concen-
tration in a timely fashion at the University of 
Rochester.  To qualify for an undergraduate 
degree, a student must complete at least four 
semesters of full-time study, or, for part-time 
students, the equivalent number of credit 
hours.
6. Cumulative grade-point average: an average 
of at least 2.0 for all courses taken for credit at 
the University of Rochester, and an average of 
at least 2.0 in courses specified by the depart-
ment or program of concentration.
7. All students accepted into the School of 
Engineering and Applied Sciences become 
responsible for two full years of equipment 
fees. These are normally assessed during each 
semester of the junior and senior years.

FLEXIBLE FIRST YEAR
Students intending to pursue an engineering 
program are accepted into the College in their 
first year and are assigned an advisor from 
the engineering faculty. The typical first-year 
schedule is shown below.

MTH 161 MTH 162  
Natural  Natural science course
     science course Engineering
Engineering      recommendation
     recommendation Humanities or social  
CAS 105       sciences elective 

Students choose their engineering electives in 
consultation with their faculty advisor. First-
year students who have chosen a major field 
should take the courses recommended for 
that concentration as indicated under specific 
departmental listings. Other students may use 
the engineering electives to explore options 
within the engineering fields. It is not nec-
essary to select a major field until the end of 
the first year because appropriate engineering 
courses taken in the first year can be used as 
electives in each program—all required  
courses can be taken in the last three years.

Students may transfer into the School of Engi-
neering and Applied Sciences at the University 
of Rochester at any time, but will find it neces-
sary to satisfy those prerequisites they may be 
lacking.

MINORS
The School of Engineering and Applied Sci-
ences recognizes all minors offered by the 
College. In addition, the School of Engi-
neering and Applied Sciences offers minors 
in bioenvironmental engineering, biomedical 
engineering, chemical engineering, electrical 
and computer engineering, environmental 
engineering, materials science, mechanical 
engineering, and optics. These minors are 
available to all undergraduates as a way to 
strengthen their academic program.

ORT BRAUDE COLLEGE  
EXCHANGE PROGRAM
The College is pleased to offer a unique and 
innovative English-language study abroad 
program at the ORT Braude College in  
Karmiel, Israel, designed especially for  
University of Rochester students of science 
and engineering. The program specifically 
meets the needs of sophomores considering 
majoring in mechanical, chemical, electrical 
and computer, and biomedical engineering, 
and chemistry, physics, and computer science. 
Some juniors (for example, Take Five  
students) may be eligible.

While on the program, students live in the 
ORT Braude residence halls. An inexpensive 
cafeteria, sports facilities, extracurricular 
activities, and many social functions are avail-
able on campus. Each Rochester student has 
a local student mentor. Students have the 
opportunity to learn Hebrew on the program, 
and to take Introduction to the History and Ar-
chaeology of the Galilee as well. Students may 
also choose to stay in Israel for the summer 
on the 8-credit summer archaeological dig in 
the Galilee, a University of Rochester summer 
study abroad program.

This is a spring-only program. Approximate 
dates are March 1 through July 5, with a 
one-week break during the Israeli Passover 
vacation. All courses are taught in English. The 
application deadline is October 15. Additional 
information is available at the Center for Study 
Abroad and Interdepartmental Programs, 206 
Lattimore Hall, and on the Web at www.seas.
rochester.edu/SEAS/options/ORT-Braude.html.

INDUSTRY PRACTICUM
When looking for employment, students 
have discovered that employers increasingly 
demand significant practical work experience 
in addition to sound academic knowledge. 
The optional Industry Practicum provides an 
opportunity for students to enhance their 
education by integrating their engineering and 
computer science knowledge with workplace 
practice. Students intending to pursue an 
engineering or computer science degree are 

encouraged to participate in the School’s In-
dustry Practicum, a paid, full-time, high quality 
work experience over an eight-month period. 

To participate, a student must be a second- 
semester junior or a first-semester senior and 
be pursuing a degree in any engineering disci-
pline or computer science. During the eight-
month Industry Practicum, students do not 
take any classes, receive any academic credit, 
or pay tuition. As a result, it is important for 
students to meet with their faculty advisors to 
plan their potential participation in the Indus-
try Practicum to ensure that they meet depart-
mental requirements. Advisors assist students 
in curriculum planning since four-and-a-half-
year’s time will be necessary to complete the 
usual four-year academic program. 

Additional information on this program can 
be obtained from the School’s Deans Office, 
306 Lattimore Hall, or from the Career Center, 
Meliora Hall. 

TAKE FIVE SCHOLARS PROGRAM
Students may extend undergraduate work 
beyond the normal four-year period to include 
additional courses related to their interests by 
applying to the Take Five Scholars Program. 
If accepted, students may elect an additional 
semester or an extra year without tuition 
charges. Students wishing to apply for the 
Take Five Scholars Program should consult 
their faculty advisors. 

KAUFFMAN ENTREPRENUERIAL YEAR 
(KEY) PROGRAM
The KEY program also provides an opportu-
nity for students to spend a fifth year at the 
University. Students who participate in this 
program study or practice entreprenuership 
through internships, special projects, business 
plan development, and research into various 
facets of entrepreneurship or analysis of how 
culture and public policy influence entrepre-
neurial activity.

DOUBLE DEGREES
Students may earn both a B.S. degree in the 
School of Engineering and Applied Sciences 
and a B.A. or B.S. degree in a chosen liberal 
arts or science concentration. These students 
essentially complete a program similar to a 
two-college program, but do so entirely at the 
University of Rochester. Dual degrees require 
significant work beyond the normal require-
ments of a four-year program. Any extension 
past the normal four-year time span will not be 
tuition free.

Students may earn a B.A. in engineering sci-
ence, with a second degree in any other pro-
gram in the College. All degree requirements 
for both programs must be satisfied. 

Students may earn two bachelor degrees from 
the School of Engineering and Applied Sciences; 
however, the interdepartmental B.S. program 
may not be one of the two degrees unless ap-
proved by the Administrative Committee.
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B.S.-M.S. PROGRAMS
Combined B.S.-M.S. programs in biomedical 
engineering, chemical engineering, electrical 
engineering, materials science, mechanical 
engineering, and optics are available to those 
students wanting to blend their undergraduate 
program with graduate study.

Students who wish to complete a bachelor’s 
degree in engineering and a Master of Busi-
ness Administration may be able to combine 
an undergraduate engineering program with 
work in the William E. Simon Graduate School 
of Business Administration. Because engi-
neering program requirements exceed those 
of other undergraduate majors, the majority of 
engineering undergraduates will not be ready 
to take advantage of the application schedule 
followed by most University undergraduates 
from other disciplines. Therefore, the Simon 
School offers two additional options to accel-
erate the completion of both undergraduate 
and graduate degrees to eligible engineering 
students. (Engineering science majors are 
encouraged to arrange their programs to 
participate in the normal 3-2 program.) 

Option 1 requires students to apply by No-
vember 15 of their senior year for admission 
to the M.B.A. program beginning in January. 
This option offers the student the full benefits 
of M.B.A. study insofar as the core courses 
are taken in sequence and the study-team 
approach is fully realized. Option 1 also offers 
the opportunity for students to take a sum-
mer internship, provided the student is will-
ing to add the three courses normally taken 
during the summer quarter (one each) to 
the remaining three academic quarters of the 
second year of M.B.A. coursework.

Option 2 is designed for engineering students 
who will not complete required engineering 
courses by the end of the fall semester of 
their senior year. Students commence M.B.A. 
coursework on a part-time basis during the fall 
semester of their senior year. Although option 
2 permits the completion of both the bache-
lor’s and master’s degrees in five years, it usu-
ally does not involve a summer internship nor 
does it offer the strong team experience and 
class bonding opportunities of option 1.

Both of these options may require that stu-
dents take an overload, summer courses, or 
prerequisite coursework during the junior or 
senior year; students should also be aware 
that the Simon School operates on a quarter 
system calendar. Students must have solid 
academic records and must score well on 
the Graduate Management Admissions Test 
(GMAT), which should be taken by Janu-
ary of their junior year, to be considered for 
admission. (See page 163 for details about this 
program.)

TRANSFER PROGRAMS
Students with engineering interests may trans-
fer into the School of Engineering and Applied 
Sciences from other institutions. If they have 
had the equivalent of the first two years of 

science, mathematics, and pre-engineering, 
such students may enter the School directly 
and complete their degree requirements in an 
additional two years. This common pattern is 
often described as a “2+2” program. Another 
pattern is for students with a science and 
mathematics background in a liberal arts col-
lege to transfer after three years and then con-
centrate on engineering courses in order to 
complete an engineering degree in two more 
years. Often, on completion of the five years 
the first institution will confer a B.A. degree at 
the same time a B.S. in engineering is awarded 
at Rochester. Transfer programs formalized in 
this way are “3-2” programs. There are estab-
lished agreements on 2+2 and 3-2 programs 
with a few regional institutions. However, a 
number of students with these transfer char-
acteristics are admitted to the School on an 
individual basis. Course equivalency and credit 
are determined for each case. See page 185 of 
this bulletin for more on transfer possibilities.

ACADEMIC INFORMATION
AND ADVISING
The Dean’s Office in Lattimore Hall assists 
students with course changes, summer school 
approval, preparation for graduate and pro-
fessional study, independent study and special 
courses, and academic petitions. For specific 
regulations on these and other aspects of pro-
gram planning, turn to the Academic Services 
and Information section of this bulletin (pages 
170–175).

The School of Engineering and Applied Sci-
ences assigns faculty advisors to each known 
prospective engineering student in the first 
year to provide information about different en-
gineering fields and to help students plan and 
review course schedules and degree programs. 
The Dean’s Office coordinates the advising 
process, and every attempt is made to match 
advisors with individual interests and needs.

All courses in the School are taught by full-
time faculty members with professorial rank 
or by part-time faculty members with the 
rank of professor or lecturer. In courses that 
have more than 25 students, student teaching 
assistants may aid the professor in supervising 
laboratory sessions, running regularly sched-
uled problem sessions, or grading homework.

BIOMEDICAL
ENGINEERING

For any questions or changes to the BME 
curriculum please contact the BME under-
graduate coordinator at (585) 273-4754 or visit 
our Web site at www.bme.rochester.edu.

BIOMEDICAL ENGINEERING FACULTY
Laurel H. Carney, Ph.D. (Wisconsin) Professor 

of Biomedical Engineering
Gregory DeAngelis, Ph.D. (California, Berkeley)  

Professor of Brain and Cognitive Sciences, 
of Biomedical Engineering, of Neurobiol
ogy and Anatomy and in the Center for 
Visual Science

Richard E. Waugh, Ph.D. (Duke) Professor of 
Biomedical Engineering, of Pharmacology 
and Physiology, of Biochemistry and Bio
physics, and of Mechanical Engineering; 
Chair of the Department

Diane Dalecki, Ph.D. (Rochester) Associate 
Professor of Biomedical Engineering and 
of Electrical and Computer Engineering; 
Director, Rochester Center for Biomedical 
Ultrasound 

Michael King, Ph.D. (Notre Dame) Associate 
Professor of Biomedical Engineering, of 
Chemical Engineering, and of Surgery

Amy L. Lerner, Ph.D. (Michigan) Associate 
Professor of Biomedical Engineering and 
of Mechanical Engineering and in the 
Center for Musculoskeletal Research

Anne E. Luebke, Ph.D. (Johns Hopkins)  
Associate Professor of Biomedical Engi
neering and of Neurobiology and Anatomy

James McGrath, Ph.D. (M.I.T.) Associate 
Professor of Biomedical Engineering

Axel Wismüller, M.D. (Technical University of 
Munich, Germany) Associate Professor of  
Biomedical Engineering and of Imaging 
Sciences

Hani Awad, Ph.D. (University of Cincinnati) 
Assistant Professor of Biomedical  
Engineering and of Orthopaedics

Edward Brown III, Ph.D. (Cornell) Assistant 
Professor of Biomedical Engineering

Kevin Davis, Ph.D. (Boston) Assistant  
Professor of Biomedical Engineering and 
of Neurobiology and Anatomy

Gregory Gdowski, Ph.D. (Boston) Assistant 
Professor of Biomedical Engineering and 
of Neurobiology and Anatomy

Mathews Jacob, Ph.D. (Swiss Federal Institute 
of Technology, Switzerland) Assistant 
Professor of Biomedical Engineering, of 
Electrical and Computer Engineering, and 
of Imaging Sciences

Nicholas N. Kuzma, Ph.D. (Yale) Assistant 
Professor of Biomedical Engineering and 
of Imaging Sciences

Stephen McAleavey, Ph.D. (Rochester)  
Assistant Professor of Biomedical Engi
neering and of  Electrical and Computer 
Engineering

David Pinto, Ph.D. (Pittsburgh) Assistant 
Professor of Biomedical Engineering and 
Neurobiology and Anatomy 

Scott Seidman, Ph.D. (Case Western 
Reserve) Assistant Professor of Bio
medical Engineering, of Neurobiology 
and Anatomy, and in the Center for Visual 
Science
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JOINT APPOINTMENTS WITH 
BIOMEDICAL ENGINEERING
Alfred Clark, Jr., Ph.D. (M.I.T.) Professor of 

Mechanical Engineering, of Mathematics, 
and of Biomedical Engineering

Philippe M. Fauchet Ph.D. (Stanford) Dis
tinguished Professor of Electrical and 
Computer Engineering, Professor of Materi
als Science, of Optics, and of Biomedical 
Engineering and Senior Scientist in the 
Laboratory for Laser Energetics

Bruce M. Fenton, Ph.D. (California, San Diego) 
Professor of Radiation Oncology and of 
Biomedical Engineering

Robert D. Frisina, Ph.D. (Syracuse) Professor 
of Otolaryngology, of Biomedical Engi
neering, and of Neurobiology and Anat
omy

Sheryl Gracewski, Ph.D. (California, Berkeley)  
Professor of Mechanical Engineering and 
of Biomedical Engineering

Duncan T. Moore, Ph.D. (Rochester)  
Pro f essor of Optics and of Biomedical Engi
neering and Rudolph and Hilda Kingslake 
Professor of Optical Engineering Science

Ruola Ning, Ph.D. (Utah) Professor of Imag
ing Sciences, of Oncology, of Radiation 
Oncology, and of Biomedical Engineering

Lukas Novotny, Ph.D. (Swiss Federal Institute 
of Technology) Professor of Optics, of 
Physics, and of Biomedical Engineering 
and Scientist in the Laboratory for Laser 
Energetics

Gary Paige, M.D. (Chicago) Kilian J. and 
Caroline F. Schmitt Professor of Neuro
biology and Anatomy, of Neurology, of 
Ophthalmology, of Brain and Cognitive 
Sciences, in the Center for Visual Science, 
and of Biomedical Engineering; Chair of 
Neurobiology and Anatomy

Kevin J. Parker, Ph.D. (M.I.T.) William F.  
May Professor of Engineering, Professor 
of Electrical and Computer Engineering, 
of Imaging Sciences, and of Biomedical 
Engineering; Dean, School of Engineering 
and Applied Sciences 

Renato Perucchio, D. Engr. (Pisa, Italy)  
Professor of Mechanical Engineering and 
of Biomedical Engineering and Associate 
Professor of Pediatrics

J. Edward Puzas, Ph.D. (Rochester) Donald 
and Mary Clark Professor of Orthopaedics 
and Professor of Biomedical Engineering 

Ingrid H. Sarelius, Ph.D. (Auckland, New  
Zea  land) Professor of Pharmacology and 
Physiology and of Biomedical Engineering

Michael C. Schell, Ph.D. (Wisconsin, Mad i son) 
Professor of Radiation Oncology and of 
Biomedical Engineering 

Denham S. Ward, M.D. (Miami) Professor 
of Anesthesiology and of Biomedical Engi
neering

David R. Williams, Ph.D. (California, San 
Diego) William G. Allyn Professor of 
Medical Optics, Professor of Brain and 
Cognitive Sciences, of Psychology, of Optics, 
of Ophthalmology, of Biomedical Engineer
ing, and in the Center for Visual Science; 
Director of the Center for Visual Science

J. H. David Wu, Ph.D. (M.I.T.) Professor of 
Chemical Engineering, of Microbiology 
and Immunology, and of Biomedical 
Engineering

Jianhui Zhong, Ph.D. (Brown) Professor of 
Imaging Sciences, of Biomedical Engineer
ing, and of Physics 

Andrew Berger, Ph.D. (M.I.T.) Associate 
Professor of Optics and of Biomedical 
Engineering

Patricia Chess, M.D. (Columbia) Associate 
Professor of Pediatrics and of Biomedical 
Engineering

Edward G. Freedman, Ph.D. (Pennsylvania) 
Associate Professor of Neurobiology and 
Anatomy, of Biomedical Engineering, and 
in the Center for Visual Science

Denise Hocking, Ph.D. (Albany) Associate 
Professor of Pharmacology and Physiology 
and of Biomedical Engineering 

Ben Miller, Ph.D. (Stafford) Associate Profes
sor of Dermatology, of Biochemistry and 
Biophysics, and of Biomedical Engineering

Jack G. Mottley, Ph.D. (Washington, St. 
Louis) Associate Professor of Electrical 
and Computer Engineering and of Bio
medical Engineering 

Edward M. Schwarz, Ph.D. (Albert Einstein 
College of Medicine) Associate Profes
sor of Orthopaedics, of Microbiology and 
Immunology, of Urology, of Medicine, of 
Pathology and Laboratory Medicine, and 
of Biomedical Engineering

Wojciech Zareba, M.D. (Medical University of 
Lodz, Poland) Associate Professor of Medi
cine and of Biomedical Engineering

James M. Zavislan, Ph.D. (Rochester)  
Associate Professor of Optics, of Dermatol
ogy, of Ophtalmology, and of Biomedical 
Engineering

Lisa A. DeLouise, Ph.D. (Pennsylvania 
State) Assistant Professor of Dermatology 
and of Biomedical Engineering

Jeffery Houck, Ph.D. (University of Iowa) Ad
junct Assistant Professor of Biomedical 
Engineering

Walter O’Dell, Ph.D. (Johns Hopkins) Assis
tant Professor of Radiation Oncology and 
of Biomedical Engineering

Keith Schneider, Ph.D. (Rochester) Assistant 
Professor (Research) in the Center for 
Brain Imaging and of Biomedical  
Engineering

Geunyoung Yoon, Ph.D. (Osaka) Assistant 
Professor of Ophthamology, of Biomedical 
Engineering, and in the Center for Visual 
Science

AFFILIATED FACULTY
Arthur Moss, M.D. (Harvard) Professor of 

Medicine
Alice Pentland, M.D. (Michigan) James H. 

Sterner Professor of Dermatology; Medical 
Director of Center for Future Health and  
Chair of Dermatology

Deborah Rubens, M.D. (Rochester)  
Professor of Imaging Sciences; Associate 
Chair of Imaging Sciences

Shey-Shing Sheu, Ph.D. (Chicago)  Professor 
of Pharmocology and Physiology, of Medi
cine, and of Anesthesiology

Peter G. Shrager, Ph.D. (California, 
Berkeley) Professor of Neurobiology and 
Anatomy

Paul E. Bigeleisen, M.D. (California, Davis)  
Associate Professor of Anesthesiology

Karl Schwarz, M.D. (Rochester) Associate 
Professor of Medicine and of Biomedical 
Engineering

Xucai Chen, Ph.D. (Yale) Assistant Professor 
of Medicine, of Electrical and Computer En
gineering, and of Biomedical Engineering

Jean-Philippe Couderc, Ph.D. (National Insti-
tute of Applied Science, Lyon, France)  
Research Assistant Professor of Medicine

Edwin Carstensen, Ph.D. (University of 
Pennsylvania) Arthur Gould Yates Profes
sor Emeritus of Engineering and Senior 
Scientist in Electrical and Computer 
 Engineering

Biomedical engineering (BME) involves 
the application of engineering science and 
technology to solve problems in biology and 
medicine. This broad area contains many 
career opportunities, ranging in scope from 
advanced research to engineering practice in 
a clinical setting. The Department of Biomedi-
cal Engineering, in conjunction with strong 
academic programs in the basic sciences and 
other engineering disciplines at the University 
of Rochester, offers outstanding training in 
this rapidly growing field.

B.S. IN BIOMEDICAL ENGINEERING
The Bachelor of Science degree program in 
biomedical engineering at the University of 
Rochester is one of 45 programs (as of Oc-
tober 2006) that is accredited by ABET. Our 
curriculum emphasizes fundamental engineer-
ing and design principles taught in the context 
of current problems in medicine and biology. 
A series of eight core courses required of all 
BME students provides a solid foundation in 
engineering principles relevant to biomedi-
cal engineering practice. To ensure in-depth 
training in engineering, students are required 
to complete a sequence of four engineering 
courses in a focus area of biomedical engi-
neering. These areas of concentration are 
Biomechanics, Bioinstrumentation and Imag-
ing, Cell and Tissue Engineering, and Medical 
Optics. The program is capped with a biomed-
ical engineering senior design course required 
for all students. This program requires a total 
of 32.5 courses (130 credit hours), including a 
minimum of 51 credit hours devoted to math-
ematics and natural sciences and a minimum 
of 51 credit hours devoted to engineering.

Alternative recognition for meaningful bio-
medical engineering–related coursework and 
research is available through the minor in 
BME. The minor is available to students in any 
major. 

Information about the minor or the major in 
biomedical engineering can be obtained at 
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the BME Undergraduate Office on the second 
floor of Goergen Hall or on our Web site at 
www.bme.rochester.edu.

DEPARTMENTAL MISSION AND 
OBJECTIVES
Mission  
Our mission is to create and disseminate 
knowledge  in engineering related to basic 
biomedical sciences and health care applica-
tions, and to provide students with the foun-
dational knowledge and skills in biomedical 
engineering that they will need to become and 
remain leaders in their chosen field.

Undergraduate Program Objective
The overall educational objective of our pro-
gram is to develop effective practitioners in 
biomedical engineering and associated fields. 
We expect that our graduates will contribute 
to advancement of their chosen field, while 
remaining mindful of the ethical and social 
implications of their work. They will have con-
fidence in their abilities to apply foundational 
knowledge in the basic sciences, mathematics, 
engineering analysis, and design to address a 
wide range of problems in medicine and biol-
ogy. In keeping with the continuously evolving 
nature of the field of biomedical engineering, 
we expect that our alumni will engage in life-
long learning, and that many of them, inspired 
by research experiences as undergraduates, 
will continue their education in advanced 
degree programs.

STANDARD FOUR-YEAR PROGRAM
Graduation requirements for BME: minimum 
of 130 credits.

All students majoring in biomedical engineer-
ing complete a common freshman and sopho-
more year:

Freshman Year
Fall Spring
MTH 161* MTH 162*
CHM 131 CHM 132
BME 101 PHY 121
CAS 105 (Primary  Humanities or social  
 Writing)  sciences
 
Sophomore Year
Fall Spring
MTH 163 or 165* MTH 164*
BIO 110 Basic science elective 
PHY 122 ECE 210
BME 201 & 201L Humanities or  
  social sciences

BIOMEDICAL ENGINEERING CORE 
COURSES
Eight core courses are required for all stu-
dents majoring in biomedical engineering: 

• BME 101.  Introduction to Biomedical 
Engineering

• BME 201.  Fundamentals of Biomechanics
 and
• BME 201L.  MATLAB for Biomechanics  

(1 credit)
• ECE 210.  Circuits for Scientists and  

Engineers
• BME 221.  Biomedical Computation
• BME 230.  Biomedical Signals and  

Measurements
• BME 260.  Quantitative Physiology with  

Lab
• BME 295.  BME Design Seminar (2 credits)
• BME 296.  BME Senior Design

BIOMEDICAL ENGINEERING 
CONCENTRATION AREAS
Students choose to concentrate in one of 
four specialty areas. Four engineering courses 
forming a sequence in either Bioinstrumenta-
tion and Imaging, Biomechanics, Cell and 
Tissue Engineering, or Medical Optics are 
required. Each concentration includes an up-
per-level BME course in the specialty area.

Bioinstrumentation and Imaging 
• ECE 241. Signals
• ECE 221. Electronic Devices and Circuits
   or
• ECE 230. Electromagnetic Waves
• ECE 246. Digital Signal Processing
• Upper-level BME: e.g., BME 251/451, Bio-

medical Ultrasound; BME 452, Medical 
Imaging

Biomechanics
• ME 226. Solids
• ME 225. Fluid Mechanics
• ME 123. Thermodynamics
• Upper-level BME: e.g., BME 283/483,  

Biosolid Mechanics

Cell and Tissue Engineering
• CHE 243. Fluid Dynamics
• CHE 244. Heat & Mass Transfer
• CHE 225. Thermodynamics
• Upper-level BME: e.g., BME 262/462,  

Cell and Tissue Engineering

Medical Optics
• OPT 241. Geometrical Optics
• OPT 261. Interference & Diffraction
• OPT 262. Electromagnetic Theory or  

OPT 224  Laser Systems
• PHY 123. Wave and Modern Physics
• Upper-Level BME: e.g., OPT 448, Principles 

of Eye Design; OPT 276, Biomedical Optics

In addition to concentration-area courses, stu-
dents are required to complete the following 
basic science, math, and distribution require-
ments as well as electives complementing the 
BME courses.

One Primary Writing Requirement 
Course
Students are required to fulfill the University 
primary writing requirement. Typically, the 
course CAS 105 is used for this requirement.

Basic Sciences and Mathematics
• Four math courses: MTH 161, 162, 163/165, 

164
• Two chemistry courses: CHM 151, 152
• Two physics courses: PHY 121, 122
• One biology course: BIO 110

Basic Science Electives (12 credit hours)
All students must complete at least three 
additional courses (at least 12 credit hours) in 
the basic sciences beyond the required intro-
ductory biology (BIO 110), chemistry (CHM 
131 and 132), and physics (PHY 121/141 and 
122/142) courses. Any biology, microbiology, 
neuroscience, chemistry, or physics course 
with a number greater than 109 may be used 
to fulfill this requirement (excluding BIO 
111, 112, 113). At least two of these courses 
must have a laboratory component. At least 
two courses must be life science courses (i.e., 
biology, microbiology, neuroscience). Students 
are encouraged to choose their basic science 
electives to complement their BME concentra-
tion area. Independent study courses cannot 
be used to satisfy this requirement.

Humanities and Social Sciences 
Students must take four courses in the hu-
manities and/or social sciences. Three of these 
courses must complete an approved cluster. 

Technical Elective (4 credit hours)
Students are required to take 4 credit hours 
of engineering coursework. Suitable courses 
must have significant engineering design, 
analysis, synthesis, or technical components.  
Classes that are primarily mathematics or sci-
ence courses may not be used. Classes that are 
equivalent to core or concentration courses 
are disallowed, e.g., ME 225 (Fluid Mechanics) 
cannot be used as a technical elective when 
CHE 243 (Fluid Dynamics) has already been 
taken to fulfill the concentration require-
ments and vice versa. Courses that are cross-
listed with non-SEAS departments (e.g., CHE 
277/AAS277) must be taken under the SEAS 
registration. The following courses may not 
be used towards the technical elective require-
ment for one or more of the reasons above: 
ECE 111, 113, 399; CHE 211, 290; ME 120, 163, 
164, 202, 211; OPT 287; any EAS course.

ADMISSION REQUIREMENTS
To be considered for admission to the bio-
medical engineering major a student must 
have taken courses to enable writing of a pro-
gram of study that satisfies the requirements 
of the program and that can be completed in a 
total of four years.

The minimum requirements for admission to 
the BME program are
• satisfactory completion of BME 101 (by the 

end of the sophomore year)
• two engineering courses (usually ECE 210, 

BME 201 and 201L)
• a minimum GPA of 2.15 in these three 

courses
• satisfactory completion of the basic science 

and math requirements

*An alternative to the MTH 161 and 162 sequence is the 
MTH 141, 142, and 143 sequence. Careful attention must 
be paid to the effects of this longer sequence, including the 
possible need to take a course in the summer following the 
first year.
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• a minimum overall cumulative GPA of 2.0
• satisfactory completion of the University 

primary writing requirement
• completion of Career Planning Form

MINOR IN BIOMEDICAL 
ENGINEERING 
The biomedical engineering minor provides 
substantive exposure to the biological and 
engineering sciences and gives students a ba-
sic perspective on the complex structure and 
function of living systems and their analysis 
by physical and engineering principles. The 
minor is available to students in all majors. , but 
engineering and biology students find it easier 
to complete these requirements. Students may 
not use more than two of the courses required 
for the BME minor to also satisfy requirements 
in their major (including technical electives). 
All students that propose a minor in BME 
must fulfill the basic math requirements  
(MTH 163/165).

Biological Science Courses (8 credit hours)
Students must complete two life science 
courses (i.e., biology, microbiology, or neuro-
science above 110)

Engineering Courses (12 credit hours)
Choose three courses, two of which must be 
BME courses. You may also use any 400-level 
BME courses or cross-listed courses.

Note: Students are warned to confirm that 
all prerequisites for the courses below are 
fulfilled.
• BME 201 and 1-credit lab. Fundamentals 

of Biomechanics/MATLAB for Biomechanics
• BME 218. Introduction to Neuroengineer-

ing
• BME 221. Biomedical Computation
• BME 228. Physiological Control Systems
• BME 230. Biomedical Signals and  

Measurements
• BME 251. Biomedical Ultrasound
• BME 260. Quantitative Physiology w/Lab
• BME 262. Cell and Tissue Engineering
• BME 283. Biosolid Mechanics
• BME 391. Independent Study
• CHE 243 or ME 225. Fluid Dynamics/Intro-

duction to Fluid Dynamics
• CHE 259. Transport Phenomena in  

Biological Systems
• ECE 210 or 113. Circuits for Scientists and  
 Engineers/Circuits and Signals
• ME  226. Introduction to Solid Mechanics
• OPT 224. Laser Systems
• OPT 241. Geometrical Optics

B.S.-M.S. PROGRAM
Early admission to the master’s degree pro-
gram is possible for exceptionally well-quali-
fied undergraduate majors at the University 
of Rochester. Students must apply by April 1 
of their junior year for admission to the pro-
gram. The standard application for graduate 
study should be used. In addition, a proposed 
program of study and an essay describing the 
goals and rationale for advanced study should 

be provided as part of the application. Partial 
tuition scholarships are available on a com-
petitive basis for the fifth year of study only.  

Admission to the 3-2 program provides the 
student with some flexibility in scheduling 
courses in the senior and fifth years of study. 
With the appropriate approvals, up to two 
fall courses required for the undergraduate 
degree may be deferred until the fall of the 
fifth year. The University requires that all 
requirements for the bachelor’s degree must 
be completed before the start of the spring 
semester of the fifth year of study. Courses 
taken during the first four years of study that 
are not needed to fulfill the requirements for 
the bachelor’s degree may be applied toward 
the master’s degree program of study with the 
approval of the BME Graduate Committee. All 
students in this program are expected to serve 
as teaching assistants for one semester.

University of Rochester graduates who are not 
admitted to the 3-2 program may apply during 
their senior year for admission to the master’s 
program. All applicants are considered for 
available tuition scholarships in any given year. 
Teaching experience as a teaching assistant for 
at least one semester is required. 

UPPER-LEVEL WRITING 
REQUIREMENT
Upper-level writing requirements are satisfied 
through BME 221, BME 230, BME 260, BME 
296, and the upper-level BME courses.

COURSES OF INSTRUCTION
Definitive course listings are published before 
each semester. Courses listed here carry 4 
credit hours unless otherwise noted. Follow
ing are some of the recent or planned offer
ings.

101.  Introduction to Biomedical  
Engineering. An introductory overview of 
the multidisciplinary field of biomedical engi-
neering. Application of elementary engineer-
ing principles to the analysis of physiological 
systems. Includes basic introduction to the 
use of computers as tools for solving engineer-
ing problems. Course topics include biome-
chanics, cell and tissue engineering, biosignals 
and bio-instrumentation, medical imaging, 
medical optics, and bioethics. Includes some 
guest lectures by biomedical engineering 
faculty. (Fall)
201. Fundamentals of Biomechan-
ics. Teaches static and dynamic rigid-body 
mechanics with applications in prosthetics, 
human movement, and other biomedical top-
ics. Prerequisites: MTH 161 and 162, BME 101, 
PHY 121. (Fall)
201L. MATLAB for Biomechanics. 
Credit—1 hour. This half-semester laboratory 
provides students with the foundation in com-
puter programming required to complete the 
BME 201 student project. The lab introduces 
the MATLAB-interpreted language through 
lectures, computer laboratory procedures, and 
assignments. Particular emphasis is placed on 

the use of MATLAB for both the computation 
and the effective presentation of scientific data 
and results. Topics include variables, func-
tions, vector and matrix syntax, flow control, 
logical tests, graphics, and data file access. 
Concurrent with 201. (Fall)
218/418. Introduction to Neuroen-
gineering. This course introduces many 
aspects of neuroengineering research, with 
an emphasis on biologically plausible models 
of neurons, circuits, and systems. The course 
begins with a brief review of passive mem-
brane properties and Hodgkin-Huxley channel 
dynamics, and extends to advanced topics 
including neural circuits, control systems, and 
biologically plausible neural models of behav-
ior. There is an emphasis on theory, model-
ing, and simulation of single neurons, neural 
networks, and systems.
221. Biomedical Computation. The  
application of numerical and statistical meth-
ods to model biological systems and interpret 
biological data, using the MATLAB program-
ming language. Prerequisites: BME 201 and 
201L, or permission of instructor. (Fall) 
228/448. Physiological Control  
Systems. The course focuses on the applica-
tion of control theory to physiological sys-
tems. Lectures present modern control theory 
in the context of physiological systems that 
utilize feedback mechanisms. Lectures begin 
with an overview of linear systems analysis 
including Laplace Transforms and Transfer 
functions. The response dynamics of open- 
and closed-loop systems such as the regula-
tion of cardiac output and level of glucose 
are discussed. Other topics include stability 
analysis and identification of physiological 
control systems. (Spring)
230. Biomedical Signals and Measure-
ments. This course examines the array of 
instrumentation and techniques used in the 
acquisition, processing, and presentation of 
biomedical signals. Topics include transducers, 
sensors, Fourier analysis, the ECG signal, flow 
measurement, medical imaging, and biosen-
sors. Laboratory sessions cover amplifiers, 
bridge circuits, and the measurement of physi-
cal parameters (temperature, pressure, strain) 
and electrophysiological signals. Prerequisites: 
ECE 113 or 210, or permission of instructor. 
(Spring)
251/451. Biomedical Ultrasound. The 
physical basis for the use of high-frequency 
sound in medicine (diagnosis, therapy, and 
surgery) and biology. Topics include acoustic 
properties of tissues, sound propagation (both 
linear and nonlinear) in tissues, interactions of 
ultrasound with gas bodies (acoustic cavitation 
and contrast agents), thermal and nonthermal 
biological effects of ultrasound, ultrasonogra-
phy, dosimetry, hyperthermia, and lithotripsy. 
Prerequisites: MTH 163, MTH 164, PHY 122, or 
permission of instructor. (Spring)
260. Quantitative Physiology with Lab. 
A quantitative, model-oriented approach to 
physiological systems is presented. Topics 
include the cell and its chemistry, muscle and 
nerve tissue, the cardiovascular system, the 
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respiratory system, the renal system, and a va-
riety of neural systems. Prerequisite: ECE 113 
or ECE 210 or permission of instructor. (Fall)
262/462. Cell and Tissue Engineering. 
This course teaches the principles of modern 
cell and tissue engineering with a focus on un-
derstanding and manipulating the interactions 
between cells and their environment. After a 
brief overview of cell and tissue engineering, 
the course covers five areas of the field. These 
are (1) physiology for tissue engineering; (2) 
bioreactors and biomolecule production; 
(3) materials for tissue engineering; (4) cell 
cultures and bioreactors; and (5) drug deliv-
ery and drug discovery. Within each of these 
topics the emphasis is on analytical skills and 
instructors assume knowledge of chemistry, 
mass transfer, fluid mechanics, thermodynam-
ics, and physiology consistent with the cell 
and tissue engineering track in BME. In a term 
project, students must present written and 
oral reports on a developing or existing ap-
plication of cell and tissue engineering. The 
reports must address the technology behind 
the application, the clinical need, and any 
ethical implications. Prerequisites: BME 260, 
CHE 225, CHE 243, CHE 244, or permission of 
instructor. (Spring)
283/483. Biosolid Mechanics. Application 
of engineering mechanics to biological tissues 
including bone, soft tissue, cell membranes, 
and muscle. Realistic modeling of biological 
structures, including the heart, cells, and 
musculoskeletal joints. Experimental methods 
and material models. Same as ME 483 and 
BPH 483. Prerequisites: ME 226, BME 201, and 
201L. (Fall)
295. Design Seminar. Credit—2 hours. 
Introduction to design of medical devices and 
instruments. Students are introduced to meth-
ods and strategies for creative design while 
considering ethical, economic, regulatory, and 
safety issues. In addition to benchmarking 
existing devices, students prepare for a de-
sign project to be completed in the following 
semester. Prerequisites: math, science, and 
engineering courses appropriate for fourth-
year students in BME. (Fall)
296. BME Design Project. Senior cap-
stone design course in the Biomedical Engi-
neering Program. Students work in teams to 
design, build, and test projects in biomedical 
engineering. Progress reports, a written final 
report, and a final oral presentation of the 
project are required. Prerequisites: math, sci-
ence, and engineering courses appropriate for 
fourth-year students in BME, BME 295, BME 
260, or permission of instructor. (Spring)
391. Independent Study.

The following graduate courses are open to 
advanced undergraduates with permission 
of the instructor.
442. Cell Motility and Molecular Ma-
chines. Credit—2 hours. From single mol-
ecule motors transporting materials within 
cells to contracting muscle fibers, molecular 
engines come in a range of sizes and produce 
some of the most fascinating phenomena 
in biology. This course teaches the modern 

theories behind molecular engines, presuming 
only an elementary background in cell biology 
and mechanics. (Spring)
452. Medical Imaging—Theory and  
Implementation. Physics and implemen-
tation of X-ray, ultrasonic, and MR imaging 
systems. Special attention is given to the 
Fourier transform relations and reconstruction 
algorithms of X-ray and ultrasonic-computed 
tomography, and MRI. Prerequisites: ECE 242. 
(Spring)
453. Advanced Biomedical Ultrasound. 
This course investigates the imaging tech-
niques applied in state-of-the-art ultrasound 
imaging and their theoretical bases. Topics in-
clude linear acoustic systems, spatial impulse 
responses, the k-space formulation, methods 
of acoustic field calculation, dynamic focusing 
and apodization, scattering, the statistics of 
acoustic speckle, speckle correlation, com-
pounding techniques, phase aberration cor-
rection, velocity estimation, and flow imaging. 
A strong emphasis is placed on readings of 
original sources and student assignments and 
projects based on realistic acoustic simula-
tions. (Fall)
466. Microhydrodynamics. Credit— 
3 hours. This course examines the unique phys-
ics of fluid flow and mass transport in microscale 
geometries. Such behavior is relevant to many 
engineering applications from microelectronics 
cooling to lab-on-a-chip biotechnology. Specific 
topics include electrokinetic effects on fluid 
flow, the motion of small suspended particles, 
and microscale bioreactors. Same as CHE 466. 
Prerequisites: MTH 161, 162, 163/165, 164, and 
CHE 243 or equivalent. (Spring)
485. Membrane Mechanics and Cell 
Adhesion. Credit—2 hours. This course fo-
cuses on the fundamental science underlying 
the mechanical behavior of cell membranes and 
the formation of adhesive contacts between cells 
and between cells and substrates. Our approach 
is to explore mathematical descriptions of the 
physical properties of biomembrane structures 
as well as the physics and chemical basis of 
cell adhesion. Basic aspects of the structure 
and composition of cell membranes and the 
classes of adhesion molecules found on cells are 
reviewed as a basis for the mathematical treat-
ments. The course is typically taught in the first 
half of the spring semester and designed for up-
per-level undergraduates and graduate students. 
Prerequisite: some background in mechanics 
and cell biology recommended. (Spring)
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the Laboratory for Laser Energetics
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Jehuda Greener, Ph.D. (Massachusetts, 
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Cherry Professor, Professor of Chemical 
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Chemical engineers apply the chemical and 
physical sciences to the solution of practical 
problems. They often work in business and 
industry but also use their engineering back-
grounds in a wide variety of other occupations 
including the legal and medical professions. 
Some of our recent graduates work as environ-
mental engineers, design biochemical proc-
esses, and develop new materials or processing 
methods for the microelectronics industry.
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The versatility demanded of chemical engi-
neers requires that their abilities to use the 
basic sciences be especially well developed. 
Moreover, because the solutions to society’s 
problems frequently involve questions which 
transcend technical considerations and 
because our faculty is committed to a true 
university education for chemical engineering 
students, the curriculum is designed to in-
clude humanities and social sciences as well  
as the physical and biological sciences, mathe-
matics, and engineering.

Courses in chemical engineering are coor-
dinated with separate chemical engineering 
laboratory courses in the junior and senior 
years. In these lab courses, students explore 
fundamental concepts learned in lectures, 
and gain experience in problem definition 
and experiment design in a project format. 
All laboratories make extensive use of micro-
computers for data acquisition and analysis, 
complementing their use for computation in 
other courses.

For admission to a concentration in chemical 
engineering, the student is required to have 
a grade-point average of 2.15 in all chemistry 
and chemical engineering courses taken dur-
ing the first four semesters. For graduation a 
student must earn a grade-point average of 2.0 
in all chemical engineering courses in addition 
to having an overall average of 2.0.

A minor in chemical engineering is available 
and is especially useful for students interested 
in technical management or careers which 
involve the assessment of technology and 
society.

The chemical engineering department also 
offers minors in environmental engineering 
and biomedical engineering for students in-
terested in the application of engineering and 
scientific principles to environmental issues.

EDUCATIONAL GOALS OF 
THE PROGRAM IN CHEMICAL 
ENGINEERING
• To educate students in the core chemical 

engineering and basic science subjects 
that constitute the modern intellectual basis 
for the chemical engineering profession.

• To educate students in methods of engi-
neering analysis and design in an environ-
ment where problem solving, team-
work, and communication skills are 
emphasized.

• To provide students with knowledge and 
counseling that prepare them for admission 
to graduate programs in science and 
engineering, as well as professional 
employment in industry. 

• To provide students with breadth in their 
education and a context in which to ap-
preciate the potential lifelong societal 
contributions in their practice of the 
chemical engineering profession.

ADVISING
Each student is assisted by a faculty advisor    
in planning an individual program of study, 
especially in the choice of electives. Faculty 
advisors help students to make sure that pro-
grams satisfy minimum degree requirements 
and, in addition, the minimum professional ac-
creditation requirements of the Accreditation 
Board for Engineering and Technology and of 
the American Institute of Chemical Engineers. 
Chemical engineering students are required 
to meet with their advisor each semester and 
demonstrate how their selection of courses 
will be used to meet department and accredi-
tation requirements.

ELECTIVES
The B.S. program is described on the depart-
ment’s  Web site: www.che.rochester.edu. 
It consists of the equivalent of 31 4-credit 
courses plus two chemical engineering labora-
tories (for 6 credits), and an organic chemistry 
laboratory (the minimum number of credit 
hours being 130). Eleven courses (44 credit 
hours) in the four-year program are electives. 
One elective is a free elective (4 credit hours) 
and may be chosen however the student 
wishes. Five electives (that is, 20 credit hours) 
must be in the humanities or social sciences, 
with some courses selected in each area to 
provide breadth in the student’s program of 
study. ChemE majors also must complete at 
least one approved cluster in a nontechnical 
subject area, in compliance with graduation 
requirements in the College. Generally stu-
dents choose to meet this cluster requirement 
by a judicious selection of their five humani-
ties and social science electives. This option 
may not be possible for those who choose to 
do a cluster in business. An alternative is to 
earn a minor in a humanities or social science 
discipline. ENG 101 and 111–129 do not count 
toward this nontechnical course requirement 
in the chemical engineering program. The 
five remaining electives (20 credit hours) are 
chosen from technical courses in consultation 
with faculty advisors. These technical electives 
are subject to the following restrictions:
1. One course must be in applied mathe-
matics. MTH 164 is highly recommended, but 
any advanced math course taught in the math 
department is appropriate. 
2. One course (4 credits) must be in advanced 
chemistry or biology/biochemistry or earth 
and environmental sciences to supplement 
the four required chemistry courses explicitly 
identified in the typical four-year program 
below. In addition, chemistry-related courses 
in the chemical engineering department, such 
as CHE 260, 286, and 287, and certain courses 
in other departments, for example EES 217, 
218, and 269, may be used as an advanced 
chemistry elective.
3. The three remaining technical courses (12 
credits) must be science/engineering courses.

Chosen to broaden the student’s engineering 
background or to pursue an area of special 
personal interest in more depth, these courses 
are usually completed in the junior and senior 

years and normally do not include more than 
one course   at the 100 level. Qualified under-
graduates should consider 400-level gradu-
ate courses, or personal research or design 
projects as technical electives, particularly if 
they are considering an application to the de-
partment’s 3-2 B.S.-M.S. program. Students are 
urged to consult widely and select their tech-
nical electives carefully. The department pro-
vides many opportunities for undergraduate 
students to pursue more in-depth study with 
individual faculty members. This can take on 
the form of independent research courses 
(CHE 395) or paid research internships over 
the summer months. Department strengths 
and focus areas include
biotechnology—problems of common inter-
est to biologists, biochemists, physicians, and 
engineers
polymers and advanced materials—their 
structure, properties, and manufacture
energy resources—fossil fuels, their pro-
duction, chemical processing, and uses; other 
sources: solar and fuel cells, hydroelectric, 
geothermal, etc.
systems and controls—the behavior of com-
plex chemical processes and their online 
control
environmental engineering—engineering 
methods applied to community or ecological 
problems
surface chemistry and catalysis—unique 
properties of interfaces separating solids, 
liquids, and gases
computer applications—computer use in 
chemical processing systems.

COMPUTER COMPETENCY
All chemical engineering students are required 
to develop competency in computational  
analysis and the use of mathematical program-
ming languages. In addition, students must be-
come familiar with the use of microcomputers. 
These requirements should be met before en-
tering the third year of undergraduate study. 
Typically, minimum competency is achieved 
by successfully completing CHE 116, Funda-
mentals of Computing. The course introduces 
students to programming methods useful in 
simulation work and numerical computation 
encountered in upper-level lecture and design 
courses.

As an alternative to CHE 116, students may ful-
fill this requirement by earning at least a B– in 
CSC 171 or equivalent, or by having earned a 4 
or 5 on the AP Computer Science exam. Such 
students must complete 2 credits of a free 
elective in place of the CHE 116 requirement. 

FIRST-YEAR CHE COURSES
The chemical engineering department pro-
vides ways for new students to gain a better 
understanding of what chemical engineers 
do. In the spring term, a ChemE elective, 
CHE 150, is taught to introduce students to 
problems where chemical engineering ideas 
are used to solve technical problems in an 
informal, project-oriented setting. In addi-
tion, several informal meetings are organized 

CHEMICAL ENGINEERING



144 ENGINEERING AND APPLIED SCIENCES

throughout the school year, in conjunction 
with the student chapter of the AIChE, to 
introduce students to professionals in local 
industry, so that students may gain a perspec-
tive on the wide variety of career opportuni-
ties open to ChemE graduates.

MINOR IN CHEMICAL ENGINEERING
The minor in chemical engineering is espe-
cially appropriate for chemistry, mechanical 
engineering, and environmental science 
majors who want to broaden their background 
for work in the chemical process industry. It 
is also useful for students interested in techni-
cal management or careers that involve the 
assessment of technology and society. The 
minor consists of a coherent sequence of six 
courses (or 24 credits) subject to the following 
restrictions:
1. Required background: CHM 131 and 
MTH 161 or equivalent.
2. Four chemical engineering courses from 
the following:

CHE 113 CHE 250
CHE 225 CHE 246
CHE 243 CHE 259
CHE 244 CHE 286
CHE 231 CHE 287

3. Exception: Biomedical degree students 
with a Cell & Tissue Concentration are re-
quired to take two courses in addition to CHE 
225, 243, and 244.

MINOR IN ENVIRONMENTAL 
ENGINEERING
1. Required background: CHM 131 and MTH 
161 or equivalent. 
2. Two chemical engineering courses from the 
following: 

CHE 150 CHE 277
CHE 278 CHE 290

3. Two courses from the following:
 BIO 102 EES 201
 EES 205 EES 214
 EES 215 EES 217
 EES 218 EES 219
 TOX 521

CHEMICAL ENGINEERING MAJOR 
WITH BIOMEDICAL MINOR
1. Required background: MTH 161, 162, and 
165, CHM 132, and PHY 122 or equivalent.
2. Seven required courses:
 BME 101 CHE 243
 BIO 110  Two BME
 BIO 111     technical electives
 BIO 111L

TYPICAL FOUR-YEAR PROGRAM
First Year
MTH 161 MTH 162
CHM 131 CHM 132
Elective PHY 121
CAS 105 (Primary CHE 150
 Writing)

Second Year
MTH 164  MTH 165
CHM 203 CHE 243
CHE 207 CHM 116
CHE 113 CHM 206/BIO/ 
Elective  EES equivalent
 Elective

Third Year
CHE 244 CHE 231
CHE 225 CHE 250
PHY 122 CHE 279
Elective CHE 246
 Elective

Fourth Year
CHE 273 CHM/BIO/EES elective
CHE 255 CHE 272
CHM 251 Elective
Elective Elective
 
MTH—mathematics department course
CHM—chemistry department course
CHE—chemical engineering department 
course

UPPER-LEVEL WRITING 
REQUIREMENT
All students in the College must satisfy an 
upper-level writing requirement. Chemical en-
gineering majors meet this requirement within 
the context of the two laboratory courses and 
the capstone design course (CHE 246, 255, 
and 273), all of which emphasize technical 
writing as well as oral communication and 
help students to refine these skills.
 

COURSES OF INSTRUCTION
Definitive course listings are published before 
each semester. Courses listed here carry 4 credit 
hours unless otherwise noted. Following are 
some of the recent or planned offerings.

113. Chemical Process Analysis. Meth-
odology and problem-solving techniques in 
chemical engineering; the concepts of mass 
and energy conservation in both reacting and 
nonreacting chemical systems; the concept of 
equilibrium in chemical and physical systems, 
and the basic principles of thermodynamics 
are presented. Both steady-state and transient 
behavior are discussed for some special sys-
tems. Lectures and discussion. Prerequisites: 
CHM 131, MTH 161 or 162. (Fall)
116. Fundamentals of Computing. 
Credit—2 hours. This seven-week course pro-
vides an introduction to Microsoft Excel and 
its powerful VBA (Visual Basic for Applications) 
programming environment. Although chemi-
cal engineering concepts are integrated into 
the curriculum, no prior chemical engineering 
experience is required. This course is of value to 
engineers and analytically oriented individuals 
of many disciplines. Students learn and apply 
a number of general tools/approaches that will 
facilitate analytical problem solving in a wide 
variety of situations. Although no prior Excel or 
programming experience is required, the course 
does provide instruction on a select set of more  
advanced topics such as nonlinear curve 
 fitting and nonlinear optimization. (Spring)

150. Green Engineering for a Sustain-
able Environment. This course introduces 
the issue of green engineering ideas in pursuit 
of “sustainable technology,” which is emerging 
as a critical technology in advanced indus-
trial societies. By sustainable technology we 
mean the development of environmentally 
benign processes that have minimal adverse 
impact on the surrounding earth’s ecosystem. 
(Spring)
211. Probability for Chemical Engi-
neers. Credits—2 hours. This course provides 
an introduction to probability theory applied to 
engineering problems. Students study the basic 
elements of probability theory including the 
properties of special random variables like the 
Normal, Poisson, and Exponential distributions. 
Applications to chemical/environmental engi-
neering problems are discussed as well as the 
use of statistical simulations using Wiener sam-
pling methods. (Spring, alternate semesters)
213. Molecular Self-Assembly. This 
course provides an overview of several contem-
porary research topics pertaining to structured 
organic materials. Lectures focus on intermo-
lecular interactions and the thermodynamics 
of self-assembly. Additional lectures introduce 
molecular crystals, self-assembled monolayers, 
surfactants, block copolymers, and biomimetic 
materials. Homework assignments and a brief 
technical undergraduate students are welcome. 
Same as CHE 413. (Spring)
225. Chemical Engineering Thermody-
namics. Lectures on the origin and use of the 
first and second laws of thermodynamics, fol-
lowed by a discussion of equilibrium criteria. 
Thermodynamic descriptions of real gases and 
liquids are developed and applications of ther-
modynamics to phase and chemical equilibria 
complete the course. (Fall)
231. Chemical Reactor Design. Review of 
chemical kinetics; methods of kinetic data collec-
tion, analysis, and interpretation; calculation of 
simple reactor designs. Emphasis is on homoge-
neous uncatalyzed reactions, but heterogeneous 
and catalyzed reactions are considered. Prerequi-
sites: MTH 165, CHE 113. (Spring)
243. Fluid Dynamics. Basic principles of 
fluid flow, conservation of mass, momentum, 
laminar flow problems, dimensional analysis, 
macroscopic balances, and design of fluid flow 
systems. Prerequisites: PHY 121, MTH 165. 
(Spring) 
244. Heat and Mass Transfer. A fun-
damental course in heat transfer processes 
and an introduction to mass transfer. Topics 
include equations of energy conservation, 
conduction, convection, radiation; equations 
for chemical species conservation, diffusion, 
macroscopic balances. Emphasis on problem 
solving, especially for purposes of design. 
Prerequisites: CHE 243, MTH 165, fluid me-
chanics. (Fall)
246. Laboratory in Chemical Engineer-
ing Principles. Credit—3 hours. Hands-on 
experience with concepts in phase equilib-
rium, heat and mass transfer, and chemical 
kinetics. Emphasis on measurement tech-
niques, computing for real-time data acquisi-
tion, data analysis, and experimental design. 
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Involves structured experiments, open-ended 
projects, and oral and written reports. Prereq-
uisites: MTH 161, 162, CHM 131 or equivalent. 
(Spring) 
250. Separation Processes. Application of 
mass transfer and thermodynamics to chemical 
separation techniques. Fundamentals and design 
of processes such as distillation, absorption, 
extraction, and crystallization. Fixed-bed opera-
tions, such as ion exchange and chromatogra-
phy, and membrane processes are also consid-
ered. Prerequisites: CHE 113, 244. (Spring)
255. Laboratory in Chemical Engineer-
ing Processes. Credit—3 hours. Operation 
and scale-up of chemical process equipment 
for chemical reaction and purification. Exami-
nation of the factors that affect performance in 
practice. Exploratory experiments and prelimi-
nary experimental design, as well as oral and 
written reports, are required. Prerequisites: 
CHE 234, 244, 231, 250. (Fall)
258. Electrochemical Engineering and 
Fuel Cells. Credit—2 hours. The course 
concentrates on presenting the principles of 
electrochemistry and electrochemical engi-
neering, and the design considerations for the 
development of fuel cells capable of satisfying 
the projected performance of an electric car. 
The course is expected to prepare students for 
the challenges of energy conversion and stor-
age and the environment in the twenty-first 
century. (Fall, half semester)
259. Transport Phenomena BIO  
Systems. Credit—4 hours. This course pro-
vides an overview of transport phenomena in 
biological systems that are critical to the func-
tion of all living organisms. The fundamental 
laws and equations of transport phenomena 
are applied to topics including cellular, cardio-
vascular, respiratory, liver and kidney trans-
port, blood flow and rheology, and circulation 
in tissues and arteries. (Fall)
272. Process Dynamics and Control. 
Credit—2 hours. Lectures, problem sets, and 
design projects. Introduction to the dynamic 
behavior of chemical engineering systems and 
to the analysis of feedback control systems. 
Methods of design of single feedback loops 
and multivariable systems are covered. Prereq-
uisite: CHE 113. (Spring)
273. Chemical Engineering Process De-
sign I. The course covers material related to the 
conception and design of chemical processes. 
Topics include energy systems analysis, the at-
tainability region approach for reactor network 
synthesis, and the effects of statistical uncertainty 
on decision making when evaluating alterna-
tive designs. Modern techniques for stochastic 
simulation of random processes are also studied. 
The use of computational software packages like 
MATHCAD and DESIGN II is expected in doing 
many of the homework assignments. In addi-
tion to two examinations, a computer-oriented 
design project is assigned involving the use of 
chemical engineering principles for the solution 
of a process flow sheet problem. Prerequisite: 
senior standing in chemical engineering. (Fall)
277. Energy Resources and Utilization. 
Emphasis on technical and development 
aspects of energy resource problems. Applica-

tions of resource exploration and develop-
ment in energy prospective locales that lack 
commercial energy development such as the 
rift basins and embayments of Africa. Con-
sideration of quality-of-life impacts of energy. 
Problems considered include combustion of 
fossil fuels for heat and work, combustion 
products and environmental impact, compari-
son of fuels on environmental grounds, ben-
efits of energy in social development, technol-
ogy of energy exploration and development, 
and economics of energy development and 
acquisition. Same as AAS 277. (Spring)
278. Energy Alternative Lab. Students are 
presented with issues and technical problems 
in developing a more sustainable energy mix 
for a variety of societal needs. They conduct 
and design experiments which test various 
kinds of alternatives, including conservation 
technologies. The first few weeks involve dis-
cussion of the issues and two or three common 
experiments for the entire class. One project 
involves numerical modeling of a system. The 
remainder of the course involves extensive 
design and evaluation of a concept chosen by 
the student group. (Fall)
279. Chemical Engineering Practice. 
Credit—1 hour. Issues of relevance to the 
practice of chemical engineering. Topics 
include basic economic principles and market-
ing issues, ethics, plant safety, worker educa-
tion and training, and environmental implica-
tions in process designs. Students visit a local 
industry to gain perspective on the scale of 
a chemical process. Presentations by practic-
ing engineers demonstrate the versatility of a 
chemical engineering education. (Spring)
280. Materials Engineering and Me-
chanical Design. Preparation, structure, 
composition, and properties of advanced 
materials with emphasis on the underlying 
chemistry. Atomic structure and bonding of 
crystalline and amorphous solids and crystal-
line defect. Materials synthesis and processing 
by chemical and physical deposition methods. 
Focus on the relation of structure to proper-
ties of materials. Selected topics to illustrate 
the basic concepts and principles include thin 
film materials, nanostructure/nanoscale/nano-
composite materials, and bulk materials. Same 
as CHE 480. (Spring)
282. Processing of Microelectronic 
Devices. Credit—2 hours. An overview of 
processes used in the fabrication of microelec-
tronic devices, with emphasis on chemical en-
gineering principles and methods of analysis. 
Modeling and processing of microelectronic 
devices. Includes introduction to physics and 
technology of solid-state device grade silicon, 
microlithography, thermal processing, chemi-
cal vapor deposition, etching and ion implan-
tation, and damascene processing. Same as 
CHE 482, MSC 438. (Fall, half semester)
286. Polymer Science and Technology. 
This course features the science and technol-
ogy of synthetic macromolecules. Topics in-
clude polymerization reactions, structure and 
properties of semicrystalline and amorphous 
polymers, characterization of structure and 

properties, structure-property relationship 
in polymers, and applications of polymeric 
materials. Same as CHE 486, MSC 224, MSC 
433. (Fall)
287. Polymer Rheology and Processing. 
This course provides an overview of poly-
mer rheology with emphasis on application 
to polymer processing. Basic principles of 
rheology are discussed and general methods 
for rheological characterization of liquid and 
solid polymers are described and analyzed. 
The rheological principles are then applied, 
together with standard conservation laws, to 
the analysis and derivation of basic models for 
several key polymer fabrication processes, e.g., 
coating, extrusion, injection molding and film 
stretching. The unique transport and equilibri-
um properties of organic polymers are studied 
and applied, with basic chemical engineering 
principles, to the analysis of polymer process-
ing. Topics include fluid flow and heat transfer 
in polymer systems, rheological equations of 
polymer systems, rheological equations of 
state, and the study of fabricating operations, 
such as calendaring, extrusion, and injection 
molding. Same as CHE 487, MSC 434. (Spring, 
alternate years)
290. Cars, Identity, and Mass Transpor-
tation. This interdisciplinary course, which is 
open to students from any major interested in 
the technical or social aspects of transporta-
tion, is oriented toward developing sustain-
able energy use in mass transportation. The 
challenge is to design a solar hybrid electric 
bus system that consumers find appealing. 
Students engage in ethnographic research 
to identify what the car symbolizes to con-
sumers, why consumers prefer to use their 
cars rather than take mass transportation, 
and how new technologies can overcome 
reluctance toward using mass transportation. 
The need for transitions to new technologies 
that provide renewable energy and conserve 
resources on earth are discussed. Students 
work in cross-disciplinary teams to conduct 
ethnographic research and develop technical 
design concepts and models for a solar hybrid 
electric bus. Class discussion focuses on how 
to conduct ethnographic research and apply 
the findings to technical design. The interdis-
ciplinary nature of the course provides fertile 
ground for thinking about social and envi-
ronmental entrepreneurship and for creating 
value in society.

The following graduate courses are open to 
advanced undergraduates with permission 
of the instructor.
413. Molecular Self-Assembly.
421. Thin-Film Processing.
441. Advanced Fluid Mechanics.
442. Introduction to Molecular  
Simulation.
447. Optics and Liquid Crystals for 
Chemical Engineers.
454. Interfacial Engineering.
458. Electrochemical Engineering and 
Fuel Cells.

CHEMICAL ENGINEERING 
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462. Cell and Tissue Engineering.
466. Microhydrodynamics. Credit—3 
hours.
469. Biotechnology and Bioengineer-
ing.
480. Chemistry of Advanced Materi-
als.
482. Processing of Microelectronic 
Devices. Credit—2 hours.
486. Polymer Science and Engineer-
ing.
487. Polymer Rheology and Process-
ing.

ELECTRICAL 
AND COMPUTER 
ENGINEERING

David Blackstock, Ph.D. (Harvard) Visiting 
Professor of Electrical and Computer 
Engineering

Mark F. Bocko, Ph.D. (Rochester) Professor 
of Electrical and Computer Engineering 
and of Physics; Chair of the Department 

Victor V. Derefinko, M.S. (Virginia) Adjunct 
Professor of Electrical and Computer 
Engineering

Philippe M. Fauchet, Ph.D. (Stanford) Distin
guished Professor of Electrical and Com
puter Engineering, Professor of Materials 
Science, of Biomedical Engineering, and of 
Optics; Senior Scientist in the Laboratory for 
Laser Energetics

Eby G. Friedman, Ph.D. (California, Irvine)  
Distinguished Professor of Electrical and 
Computer Engineering; Director, Center for 
Electronic Imaging Systems

Marc J. Feldman, Ph.D. (Berkeley) Senior 
Scientist in and Professor (Research) of 
Electrical and Computer Engineering

Thomas Y. Hsiang, Ph.D. (Berkeley) Profes
sor of Electrical and Computer Engineer
ing; Associate Dean of the School of Engi
neering and Applied Sciences

Thomas B. Jones, Ph.D. (M.I.T.) Professor of 
Electrical and Computer Engineering

Kevin J. Parker, Ph.D. (M.I.T.) William F. May  
Professor of Engineering and Professor of 
Electrical and Computer Engineering, of 
Biomedical Engineering, and of Imaging 
Sciences; Dean, School of Engineering and 
Applied Sciences

Alex Pentland, Ph.D. (M.I.T.) Adjunct Pro
fessor of Electrical and Computer Engi
neering

Roman Sobolewski, Ph.D. (Warsaw)   Professor 
of Electrical and Computer Engineering 
and of Materials Science and Senior Scien
tist in the Laboratory for Laser Energetics

A. Murat Tekalp, Ph.D. (Rensselaer) Adjunct 
Pro fes sor of Electrical and Computer 
Engineering

Edward L. Titlebaum, Ph.D. (Cornell) Profes
sor of Electrical and Computer Engi
neering

Robert C. Waag, Ph.D. (Cornell) Arthur 
Gould Yates Professor of Engineering, 
Professor of Electrical and Computer Engi
neering and of Imaging Sciences

David Albonesi, Ph.D. (Massachusetts)   
Adjunct Associate Professor of Electrical 
and Computer Engineering

Wendi B. Heinzelman, Ph.D. (M.I.T.)   Asso
ciate Professor of Electrical and Computer 
Engineering and of Computer Science

Jack G. Mottley, Ph.D. (Washington, St. Louis) 
Associate Professor of Electrical and Com
puter Engineering and of Biomedical 
Engineering

Gaurav Sharma, Ph.D. (North Carolina 
State) Associate Professor of Electrical 
and Computer Engineering

Paul Ampadu, Ph.D. (Cornell) Assistant 
Professor of Electrical and Computer 
Engineering

Hanan Dery, Ph.D. (Technion-Israel Institute of 
Technology) Assistant Professor of Electri
cal and Computer Engineering

Erich C. Everbach, Ph.D. (Yale) Adjunct 
Assistant Professor of Electrical and Com
puter Engineering

Michael Huang, Ph.D. (Illinois at Urbana/
Champaign) Assistant Professor of Elec
trical and Computer Engineering and of 
Computer Science

Zeljko Ignjatovic, Ph.D. (Rochester) Assistant 
Professor of Electrical and Computer 
Engineering

Martin Margala, Ph.D. (Alberta) Adjunct 
Assistant Professor of Electrical and Com
puter Engineering

Azadeh Vosoughi, Ph.D. (Cornell) Assistant 
Professor of Electrical and Computer 
Engineering

Hui Wu, Ph.D. (California Institute of 
Technology) Assistant Professor of Electri
cal and Computer Engineering

Alexander Albicki, Ph.D. (Warsaw) Professor 
Emeritus of Electrical and Computer 
Engineering

Edwin L. Carstensen Ph.D. (Pennsylvania)  
Arthur Gould Yates Professor Emeritus of 
Engineering and Senior Scientist in Electri
cal and Computer Engineering

JOINT APPOINTMENTS
Sandhya Dwarkadas, Ph.D. (Rice) Professor 

of Computer Science and of Electrical and 
Computer Engineering

Diane Dalecki, Ph.D. (Rochester) Associate 
Professor of Biomedical Engineering and 
of Electrical and Computer Engineering; 
Director, Rochester Center for Biomedical 
Ultrasound

Stephen F. Levinson, M.D. (Indiana)  
Asso ci ate Professor of Physical Medicine 
and Rehabilitation, of Electrical and 
Computer Engineering, and of Biomedical 
Engineering

Stephen McAleavy, Ph.D. (Rochester)  
Assistant Professor of Biomedical Engi
neering and of Electrical and Computer 
Engineering

Much of the modern technological landscape 
has been shaped by electrical and computer 
engineers. Technologies such as the Internet, 
television, wireless phones, and digital audio 
make possible many new and productive 
act ivities. To turn ideas into reality, electrical 
and computer engineers need to understand 
the physical principles underlying electrical 
phenomena and the mathematics used to 
describe the behavior of electrical systems. Fur-
thermore, they need to learn and to practice 
the principles of design and problem solving 
so that they can apply their knowledge effec-
tively. Finally, they need to keep themselves 
informed of new developments in science 
and technology in order to meet tomorrow’s 
challenges.

UNDERGRADUATE PROGRAMS
Our mission is to provide our students with 
the knowledge and skills that will enable them 
to build productive careers in the field of 
electrical and computer engineering. We teach 
our students the principles and good practices 
of modern basic and applied electrical and 
computer engineering. We train them to solve 
problems systematically, yet to think creatively, 
and we develop in them an awareness of the 
role of engineering in modern society.

The electrical and computer engineering 
curriculum at the University of Rochester 
encourages students to pursue individual 
interests and goals with respect to both gen-
eral educational and professional training. The 
curriculum emphasizes fundamentals that 
prepare a student for lifelong learning to meet 
the career challenges presented by rapidly 
changing technologies. The electrical and 
computer engineering depart ment’s nationally 
recognized faculty and laboratories, combined 
with an outstanding faculty-to-student ratio, 
create the ideal environment for training the 
twenty-first-century engineer.

Curricular flexibility in the third and fourth 
years permits specialization in signals and 
communications, solid state devices and 
microelectronics, computer engineering, and 
electromagnetic fields, waves, and devices. A 
premedical program is available for students 
interested in the combination of engineering 
and medicine. In addition, students interested 
in law or management may take preparatory 
courses in these subjects as electives.

The curriculum is based on a set of lower- and 
upper-division core courses required of all 
students and emphasizing the application of 
mathematical, computer, and physical con-
cepts to the solution of engineering problems. 
Nearly all undergraduate ECE courses include 
laboratory work intended to provide students 
with extensive design experience.
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By the senior year all students select an area of 
concentration, which specifies upper-division 
courses and a senior design project. The senior 
design project is carried out under the supervi-
sion of an electrical and computer engineering 
faculty member. Undergraduate students are 
also encouraged to participate in active research 
programs under the direction of University 
faculty by enrolling in special project courses 
(ECE 396).

A distinctive feature of the curriculum is the 
removal of artificial boundaries between 
undergraduate and graduate courses. Under-
graduates may take basic graduate courses 
in addition to advanced undergraduate elec-
tives. This feature facilitates preparation for 
graduate study in electrical and computer 
engineering in related areas such as computer 
science.

Our objectives are to
• Develop within our graduates a basic foun-

dation of knowledge in six fundamental 
areas of electrical and computer engineer-
ing (circuits and systems, electromagnetics, 
microelectronics, digital systems, computer 
architecture, signals and communications) 
with additional depth and design experi-
ence in at least one area. 

• Develop in our students the proficiency in 
engineering analysis and synthesis needed 
for the professional practice of electrical 
and computer engineering. 

• Help our students to develop the skills 
necessary to function effectively on an 
engineering team. 

• Develop within our graduates the ability to 
communicate effectively with the technical 
community and the general public. 

• Instill in our graduates an appreciation of 
and enthusiasm for research, creativity, and 
lifelong inquiry.

• Foster within our graduates an appreciation 
for the need to maintain the highest ethical 
standards in their professional lives. 

• Provide our students with the breadth to 
pursue opportunities in nontraditional 
fields within or outside electrical and com-
puter engineering. 

Below is the standard four-year 128 credit-
hour electrical and computer engineering 
curriculum, showing the University require-
ments, electrical and computer engineering 
core courses, and other departmental require-
ments. The order of completion of upper-divi-
sion requirements is primarily the decision of 
the student and his or her advisor, although 
attention must be given early in the program 
planning process to prerequisites.

STANDARD FOUR-YEAR PROGRAM
First Year
ECE 112 ECE 114
or ECE 140 MTH 1621

MTH 1611 PHY 1212

CAS 105
 (Primary Writing) 
Elective (hum. or   
 social science)3

Second Year
ECE 111 ECE 113
MTH 1651 
PHY 1222 MTH 1641

Elective (hum. or   PHY 123 or 
 social science)3  natural science2 

Third and Fourth Years
ECE 221 ECE 222, 216
ECE 241 ECE 242
ECE 230 ECE 200
Plus the following:
• MTH 201,4 Introduction to Probability 

(taken prior to ECE 242)
• 1 ECE advanced elective course
• 1 ECE capstone design course
• ECE 399 (2 credits), Social and Ethical 

Aspects of Engineering
• ECE 398 (2 credits), Engineering Design 

Seminar
• Free electives to complete the balance of 

128 credit hours.

A total of 12 ECE courses, as well as an ECE 
capstone design course plus the two seminar 
courses, ECE 398 and 399, are required for 
graduation. ECE 399 should be taken in the 
junior year and ECE 398 must be satisfacto-
rily completed, usually in the fall term of the 
senior year, prior to undertaking the capstone 
design course.

ACCREDITATION
The ECE program meets the professional 
accreditation requirements established by the 
Accreditation Board of Engineering and Tech-
nology (ABET) and the Institute of Electrical 
and Electronics Engineers (IEEE).

Upon completion of the B.S. ECE program, our 
graduates are eligible to take the Fundamentals 
of Engineering Examination, which is the first 
step in earning professional registration.

ADMISSION
To be considered for admission to the concen-
tration in electrical and computer engineering, 
students complete the following: the required 
first- and second-year courses (ECE 111, 112, 

113, and 114) or equivalent, with a minimum 
grade-point average of 2.3; complete MTH 
161, 162, 165, 164, or equivalent mathematics 
sequence; and PHY 121, 122, 123 (or other 
natural science course in place of PHY 123). 
Students must also have completed the Uni-
versity primary writing requirement (CAS 105). 
In addition, a minimum grade-point average of 
2.0 must be achieved overall. The four required 
ECE courses, ECE 111, 112, 113, and 114, must 
be taken at the University of Rochester. An 
exception is made for students who have been 
admitted directly into the program via the 
transfer admission process. Only courses taken 
at Rochester are used in calculating the grade-
point average.

Any student who wishes to major in electrical 
and computer engineering is required to file a 
Concentration Approval Form approved by his 
or her faculty advisor, usually during the fourth 
semester of study. For graduation, electrical 
and computer engineering majors are required 
to achieve a cumulative grade-point average of 
at least 2.0 in the 12 courses constituting the 
ECE undergraduate core.

Students who desire a more flexible program 
and who elect to forego an ABET-accredited 
degree may plan a degree program leading 
to a B.A. in engineering science (page 136) 
or plan a degree program under the Interde-
partmental Programs (page 156).

B.S.-M.S. PROGRAM IN  
ELECTRICAL AND COMPUTER 
ENGINEERING
Electrical and computer engineering juniors 
are encouraged to consider the special five-
year program outlined below. Students are 
accepted into this program in the spring of 
their junior year and can begin graduate-level 
independent work in their senior year. At the 
end of the five-year program, both a B.S. and an 
M.S. in electrical and computer engineering are 
awarded. Students may pursue either a Plan A 
(with thesis) or a Plan B (with a comprehensive 
examination) M.S. degree program.

To be accepted, students must have a good 
academic record and must have completed 
the lower-division core courses and at least 
two of the upper-division cores courses by the 
end of their junior year. Students admitted 
to the program may also be considered for 
financial aid in the fifth year.

ELECTRICAL AND COMPUTER 
ENGINEERING MINOR
The formal requirements for the minor in elec-
trical and computer engineering are five ECE 
courses. There are no specific course require-
ments, although a focused program of study 
should be planned with an advisor in the elec-
trical and computer engineering department. 
Students should contact the ECE department 
office to arrange to meet with an advisor.

1. This is a non-required first-year ECE elective. Advanced 
200-level ECE technical electives, taken during the third 
or fourth year or ECE 140 taken in the first or second year 
may be substituted for ECE 101.
2. Acceptable alternative sequences: MTH 141, 142, 143, 165, 
164; 171, 172, 173, 174. Students are encouraged to take 
MTH 165 although MTH 163 is an acceptable alternative 
3. Two physics courses, PHY 121 and 122, are required of 
all ECE majors. In addition, one other course in natural 
science from among AST, BIO, CHM, EES, or PHY must be 
taken. Selected courses from some other disciplines such 
as neuroscience and brain and cognitive sciences may also 
satisfy the ECE program’s natural science requirement but 
students should check with the ECE department prior to 
taking such courses to confirm that the course will indeed 
satisfy the natural science requirement. 
4. In the ECE program a total of five courses in the hu-
manities and social sciences is required. Three of these 
courses must constitute an approved cluster in humanities 
or social sciences and must be passed with a 2.0 average or 
better. See the Cluster Search Engine (http://www.rochester.
edu/College/CCAS/clusters) and descriptions of clusters in 
this bulletin.

ELECTRICAL AND COMPUTER ENGINEERING 
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UPPER-LEVEL WRITING 
REQUIREMENT
ECE 111, 112, 113, and 399 fulfill the College 
upper-level writing requirements.

COURSES OF INSTRUCTION
Definitive course listings are published before 
each semester. Courses listed here carry 4 
credit hours unless otherwise noted. Following 
are some of the recent or planned offerings.

111. Introduction to Signals and Circuits. 
Analysis techniques for DC and AC circuits. (Fall)
112. Logic Design. Two-level and multi-level 
combinational logic minimization. Program-
mable logic. Sequential logic design. Finite state 
machines optimization and implementation. 
Rapid prototyping. Laboratory: Field Program-
mable Gate Array (FPGA) designs. Prerequi-
sites: one semester of college mathematics. 
Ability to operate computers. (Spring)
113. Circuits and Signals. Signal rep-
resentation with applications to circuits: AC 
circuits and phasors, complex frequency, 
amplifiers and filters, resonance, two-port 
networks, Fourier series, Fourier transforms, 
Laplace transforms. Prerequisites: ECE 111, 
MTH 163, or MTH 165. (Spring)
114. Introduction to Computers and 
Programming. Introduction to principles 
of well-structured and efficient computer 
programming in the C++ language. Topics 
include development and analysis of algo-
rithms, debugging strategies, program verifica-
tion, computer hardware, basics of the C/C++ 
programming language and techniques for 
developing computer programs using this 
language. (Spring)
140. Introduction to Digital Music. 
Vibrations and musical sound from strings and 
pipes. Digitization of sound, digital record-
ing, digital storage. Spectral analysis, digital 
filtering. Musical sound synthesis: additive 
synthesis, subtractive synthesis, FM, physical 
modeling. Musical Instrument Digital Interface 
(MIDI) and computer-based interactive music. 
Laboratory. (Fall, taught alternate years with 
ECE 240)
200/400. Computer Architecture. In-
struction set principles; processor design, 
pipelining, data and control hazards; datapath 
and computer arithmetic; memory systems; 
I/O and peripheral devices; internetworking. 
Students learn the challenges, opportunities, 
and tradeoffs involved in modern micropro-
cessor design. Assignments and labs involve 
processor and memory subsystem design 
using hardware description languages (HDL). 
Prerequisite: ECE 114 or CSC 171. (Spring)
201. Advanced Computer Architecture. 
Instruction set architectures. Advanced pipe-
lining techniques. Instruction level parallelism. 
Memory hierarchy design.  Multiprocessing. 
Storage systems. Interconnection network. 
Prerequisite: ECE 200. (Fall)
210. Circuits for Scientists and Engi-
neers. Circuit analysis considering passive 
RLC elements, ideal and controlled sources, 
op-amps, steady-state and transient response, 

transfer functions, filters. Technical elective 
for non-ECE majors. Laboratory. Prerequisites: 
MTH 163, PHY 122. (Spring)
216. Microprocessors and Data Con-
version. Characteristics and specifications of 
micro-computer components including micro-
processors, memories, and interfacing devices. 
Topics include machine language programs, 
data conversion, and database configurations. 
Laboratory. Prerequisites: ECE 112, 113, or 
permission of instructor. (Spring)
220. Introduction to Solid State. Basic 
theory and phenomena of solid-state physics, 
with applications to electronic properties of 
metals, semiconductors, superconductors, 
and  insulators. Same as PHY 251, ECE 420, 
MSC 420. Prerequisites: PHY 123, MTH 164. 
(Fall)
221. Electronic Devices and Circuits. 
Introduction to the physics and operation 
of semiconductor devices and to the design 
and analysis of basic electronic circuits. Semi-
conductor transport properties, p-n junction 
diodes, and diode circuits. Bipolar junction 
transistors. Single- and multi-stage BJT ampli-
fiers. Differential amplifiers. Small-signal anal-
ysis, bias design, time and frequency response 
of BJT circuits. Laboratory. Prerequisite: ECE 
113. (Fall)
222. Integrated Circuits Design and 
Analysis. Introduction to the design and 
analysis of digital and analog integrated cir-
cuits. Technologies, such as NMOS, CMOS, 
GaAs, Bipolar, and BiCMOS, evaluation and 
interpretation of time and frequency response. 
Laboratory: experimental design and analysis 
and computer simulation. Prerequisite: ECE 
221. (Spring)
223/423. Semiconductor Devices. 
Review of modern solid-state devices, their 
fabrication and principles of operation. Solid-
state physics fundamentals, free electrons, 
band theory, transport properties of semi-
conductors, tunneling. Physics of thin films. 
Silicon integrated circuit processing tech-
nology. Microwave and ultrafast devices. Same 
as MSC 426. Prerequisites: ECE 221, ECE 230, 
PHY 123. (Fall)
226/426. Superconducting Electronics. 
Superconducting, devices and circuits, both 
analog and digital. Principles and design of 
low-power, high-speed digital integrated cir-
cuits. Generation and low-noise detection of 
electromagnetic radiation. Laboratory, includ-
ing SPICE simulations. Prerequisites: ECE 111, 
PHY 123, MTH 164. (Fall)
230. Electromagnetic Waves. Transient 
phenomena with special reference to digital cir-
cuits. Steady-state solutions. Wave equation in 
homogeneous media. Plane waves in homoge-
neous media, linear and circular polarization. 
Eddy currents and skin effect. Dipole radiation 
and antennas array. Laboratory. Prerequisites: 
MTH 163, MTH 164, PHY 122, ECE 113. (Fall)
231/431. Microwaves and Wireless. Gen-
eration, transmission, control, and detection 
of electromagnetic waves. Antennas, cavities, 
couplers. Path loss, multipath, channel charac-
teristics. Prerequisite: ECE 230 or permission 
of instructor. (Spring)

234/434. Microelectromechanical Sys-
tems. Static and quasistatic field for micro-
electromechanical transducers. Lumped 
parameter electromechanics and two-port 
descriptions. Reciprocity, sensitivity, and 
noise considerations. Review of fabrication 
technologies. Case studies of practical micro-
actuators and sensor elements. Laboratory. 
Prerequisites: MTH 163, 164, PHY 122, ECE 
113, 230. (Spring)
235/435. Introduction to Optoelec-
tronics. Introduction to fundamentals of 
electromagnetic wave propagation in materi-
als, waveguides and fibers, generation, modu-
lation and detection of light using semicon-
ductor devices, and elements of optocommu-
nication systems. Prerequisites: ECE 230, 221, 
equivalent/permission of instructor. (Fall)
240. Musical Sound: Science and Syn-
thesis. Engineering and physical science 
concepts underlying musical sound analysis 
and synthesis. Oscillation, waves, impedance, 
musical instrument sound production, digital 
representation of musical signals, spectra, 
digital filtering, subtractive and additive music 
synthesis, FM synthesis, sampling, physical 
modeling. Prerequisite: ECE 241 or permission 
of instructor. (Spring, taught alternate years 
with ECE 140)
241. Signals. Introduction to continuous 
and discrete time signal theory and analysis of 
linear time-invariant systems. Signal represent-
ations, convolution, Fourier analysis, filter-
ing of continuous and discrete time signals, 
Laplace and Z transforms. Laboratory. Prereq-
uisites: MTH 164, ECE 113. (Fall)
242. Communications. Analog and digital 
modulation and demodulation theory. Intro-
duction to probability theory and stochastic 
processes, statistical characterization of noise 
and communication channels. Performance 
of communication systems in the presence 
of noise. Laboratory. Prerequisite: ECE 241. 
(Spring)
244. Digital Communications. Digital 
communication system elements, character-
ization and representation of communication 
signals and systems. Digital transmission, 
binary and M-ary modulation schemes, de-
modulation and detection, coherent and 
incoherent demodulators, error performance. 
Channel capacity, mutual information, simple 
discrete channels and the AWGN channel. 
Basics of channel coding and error correction 
codes. (Fall)
245/445. Wireless Communications. 
Underlying concepts of traditional cellular 
radio and wireless data-networks (e.g., chan-
nel modeling, modulation, multiple-access, 
channel coding) as well as design trade-offs 
among RF bandwidth, transmitter and receiver 
power and cost, system performance. Pro-
vides an in-depth look at modern cellular and 
ad-hoc data-networks. Prerequisites: ECE 241, 
242. (Spring)
246/446. Digital Signal Processing. Re-
view of discrete-time signal systems, discrete 
Fourier transform, FFT algorithms, windows 
and classic spectral analysis, circular convolu-
tion, Z-transform, difference equations,  
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discrete-time filtering, FIR and IIR filter de-
sign, multirate signal processing. Laboratory. 
Prerequisite: ECE 241. (Fall)
261/461. Digital Integrated Circuit De-
sign. Issues in digital integrated circuit design. 
The devices. CMOS inverter. Combinational 
logic gates in CMOS. Designing sequential 
logic circuits. Designing arithmetic building 
blocks. Timing issues in digital circuits. Memo-
ries and array structures. Design verification 
and testing. Design projects using computer-
aided design tools: SPICE, MAGIC, IRSIUM, 
OCTTOOLS. Prerequisites: ECE 112, 221. (Fall)
266. RF Integrated Circuits. This course 
involves the analysis and design of radio- 
frequency (RF) integrated circuits at the 
transistor level. Course begins with an intro-
duction to radio architectures and specifica-
tions, followed by reviews of device physics 
and transmission line theory. After discussion 
of RLC networks, high-frequency amplifiers 
are studied, followed by wideband amplifiers. 
Then the important issue of noise with the 
design example of low-noise amplifiers (LNA) 
is examined. Nonlinear circuits are studied 
next with the example of mixers, followed by 
oscillators and the important subject of phase 
noise. Phase-locked loops and frequency 
synthesizers are then discussed. A study of 
RF power amplifiers follows, and the course 
concludes with an overview of transceivers. 
The course emphasizes the development of 
both circuit design intuition and analytical 
skills. There are weekly design labs and a term 
project using EDA tools. (Fall, alternate years)
349. Communication Design Project. 
Senior design course for “Communications, 
Signals, and Systems” concentration. Prior 
faculty approval required for design project 
proposal. (Spring)
398. Design Seminar. Credit—2 hours. 
Students majoring in electrical and computer 
engineering take this course to prepare the 
proposal for the Capstone Design Project 
to be carried out in the spring semester. 
Students and instructor consult with design 
project supervisors in various areas to devise 
a plan. Proposal might include definition of 
project requirements and product specifica-
tions, clarification and verification of end user 
requirements, subsystem definition and inter-
faces, generation of project and testing plans, 
reliability analysis, product safety, compliance 
issues, manufacturability, cost, and docu-
mentation. Prerequisites: ECE 111, 112, 113, 
114. Required of all electrical and computer 
engineering students. Must have at least junior 
standing and be taking the first course in a 
concentration sequence. (Fall of junior year)
399. Junior Seminar. Credit—2 hours. 
Study of ethical, social, economic, and safety 
considerations that arise in engineering prac-
tice by discussion of appropriate novels, 
movies, essays, videos, and other materials. 
Presentations by outside speakers. Required 
of all electrical and computer engineering 
students.

The following graduate courses are open to 
advanced undergraduates with permission 
of the instructor.

401. Advanced Computer Architecture.
404. High Performance Microprocessor-
Based System.
420. Introduction to Solid State.
423. Semiconductor Devices.
425. Superconductivity and the Joseph- 
son Effect.
426. Superconducting Electronics.
431. Microwave and Wireless.
432. Fundamentals of Acoustical Waves.
434. Microelectromechanical Systems.
435. Introduction to Optoelectronics.
440. Introduction to Random Processes.
441. Detection and Estimation Theory.
444. Digital Communications.
445. Wireless Communications.
446. Digital Signal Processing.
447. Digital Image Processing.
450. Information Theory.
452. Medical Imaging—Theory and   
Implementation.
461. Digital Integrated Circuit Design. 
464. Fundamentals of VLSI Testing. 
465. Performance Issues in VLSI/IC.
466. RF Integrated Circuits.
467. Advanced Analog Integrated  
Circuit Design.
468. Advanced Analog CMOS Integrated  
Circuit Design II.
492B. Special Topics: Digital Signal 
Processing.
492H. Special Topics: Macroscopic 
Quantum Phenomena for Electrical 
Qubits. 
492I. Special Topics: Musical Instrument:  
Physical Modeling.
492J. Special Topics: High-Frequency  
and High-Speed Integrated Circuits and 
Systems.
492L. Special Topics: VLSI Signal  
Processing.
492N. Special Topics in Imaging  
Processing.
580. Nano-Electro-Opto-Bio.
585. Special Topics: Physics of Advanced 
Optoelectronic and Electronic Devices.
589. Preparing for Academic Careers in 
Engineering and Science.

MECHANICAL
ENGINEERING
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The Department of Mechanical Engineering 
offers an undergraduate program leading to 
the degree of bachelor of science in mechanical 
engineering and a program leading to the de-
gree of bachelor of science in geomechanics. 
The program in geomechanics is described on 
page 156.

The following mission statement and the goals 
of the program were approved in January 
2003 as part of our continuing review. The 
faculty view both the mission statement and 
goals of our program as results of continual 
evaluation and assessment. Updated, current 
versions may be found in the Web pages of the 
Department of Mechanical Engineering (www.
me.rochester.edu).

MISSION OF THE PROGRAM IN  
MECHANICAL ENGINEERING
The mission of the Bachelor of Science 
program in mechanical engineering at the 
University of Rochester is to educate able, 
creative, responsible engineers capable of 
assuming leadership roles in their profession. 
The department offers a rigorous academic 
program designed to prepare students for 
engineering practice, graduate study, and a 
lifetime of continued learning. The curriculum 
is based on a firm foundation of basic science, 
applied mathematics, and engineering sci-
ences, and includes significant experience in 
experimental work and in the analysis, design, 
and development of mechanical and thermal 
systems. The program aims to enhance the 
leadership and communication skills needed 
to excel in professional life and to promote an 
understanding of the broad social and eco-
nomic impacts of engineering.

GOALS OF THE PROGRAM IN  
MECHANICAL ENGINEERING
1. To produce competent mechanical engi-
neers employed in a wide variety of technical 
areas in the local, national, or international 
engineering job markets.
2. To prepare graduates who realize the value 
of continuing their education with a view 
toward careers in industry, research, business, 
or academia.
3. To educate articulate engineers who can 
see their engineering work in a larger social-
political context for today’s complex, global, 
international responsibilities.

PROGRAM IN
MECHANICAL ENGINEERING
Mechanical engineers are among the most 
versatile, flexible, and broadly based engineers 
in the profession. Our students acquire knowl-
edge in fields of energy, material properties, 
fluid mechanics, solid mechanics, dynamics, 
laboratory technique, design methodology, 
and system analysis. Our graduates apply their 
skills in jobs requiring engineering design, 
development, manufacturing, research, and 
resource management.

The University of Rochester has offered an un-
dergraduate degree in mechanical engineering 
for nearly 100 years. This program provides 
effective preparation for students who enter 
industry immediately upon graduation as well 
as excellent background for graduate study in 
engineering and other fields. 

The curriculum provides a balance of courses 
in the humanities and social sciences, physics, 
applied mathematics, and basic engineering. 
Emphasis is placed on the underlying funda-
mentals in the required engineering course-
work, enabling graduates to adapt throughout 
their careers to rapid advances in science and 
technology. Training in the design process 
gradually supplements the analytical content of 
the courses as the undergraduate progresses. 
Our laboratory and design courses emphasize 
team projects. Formal oral and written presen-
tations are key elements of these projects. A 
required senior year sequence in design acts as 
a capstone course in this process.

Many undergraduates in the department assist 
faculty members in research projects during 
the academic year and the summer. This work 
can lead to publication in the professional 
archival literature. It is encouraged for those 
students so inclined. Recent projects involv-
ing undergraduates include experiments in 
controlled nuclear fusion using high-powered 
lasers, use of the electron microscope and 
testing machines to study engineering ma-
terials, mechanics of soldered and welded 
joints, studies in human microcirculation, 
experimental studies in optics manufacturing, 
modeling crystal growth, and experiments on 
nonlinear dynamical systems.

CURRICULUM
The B.S. degree requires 130 credit hours, 
 divided among science, mathematics, en-
gineering, humanities, and social sciences. 
The required engineering courses are shown 
below in the four-year degree program in me-
chanical engineering. There is an introductory 
course in engineering graphics; a sequence in 
mechanics, ME 120, 121, 226, 213; a sequence 
in energy and fluids, ME 123, 223, 225, 251; a 
materials course, ME 280; a laboratory in ma-
terials and solids, ME 242; and a laboratory in 
fluid dynamics and thermal systems, ME 241. 
Computational skills are absolutely necessary 
for modern engineering, and we distribute 
such training in many of the required cur-
riculum courses, as well as in a junior-level 

course in modern numerical methods, ME 
211. All these are capped by the senior ad-
vanced design sequence, ME 204, 205. Stu-
dents are required to take an introductory 
course in electrical circuits.

For admission to the mechanical engineering 
major, the student must have completed the 
first two years as listed in the four-year degree 
program below. In addition, the student must 
have attained a grade-point average of 2.0 or 
better in all mechanical engineering courses 
taken, and an overall grade-point average of 
2.0 or better.

For graduation, concentrators in the depart-
ment must obtain a cumulative average of 2.0 
or higher for all required mechanical engi-
neering courses, and an overall grade-point 
average of 2.0 or higher.

Students are encouraged to join and be active 
in the student chapter of ASME, the profes-
sional society for mechanical engineers. In 
addition, seniors are encouraged to take Part 
A of the New York State Professional Engi-
neering License examination.

ELECTIVES
Our program has one required technical elec-
tive and one required natural science elective. 
There are also three free electives, in addition 
to the five required distribution elec tives in the 
humanities and social sciences. These may be 
used to make it easier to minor in an approved 
field in the humanities or social sciences, ac-
quire a language, take graduate courses in en-
gineering, acquire some business/management 
skills, or generally broaden the undergraduate 
experience.

DISTRIBUTION REQUIREMENTS
In addition to the required primary writing 
course, students must take four courses in the 
humanities or social sciences. Three of these 
courses must constitute a cluster. The Accredi-
tation Board for Engineering and Technology 
specifies that distribution requirements meet 
certain conditions. The first condition is that 
the set of courses taken must exhibit some 
depth, and cannot all be at the introductory 
level. This condition is normally satisfied by a 
cluster. The second condition is that courses 
dealing only with routine skills or exercises 
of personal craft are not suitable distribution 
requirements.

ACCREDITATION
Each student is assisted by a faculty advisor 
in planning a program of study. In making 
specific course selections, each student is 
required to satisfy not only the course require-
ments given below, but also the minimum 
professional accreditation requirements of the 
Accreditation Board for Engineering and Tech-
nology. Faculty advisors should be consulted 
to be sure that all such requirements are met.

*Licensed professional engineer.
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1. The alternative sequence MTH 141, 142, 143 may be 
taken instead of 161, 162.
2. We strongly recommend ME 104Q.
*Offered both semesters

STANDARD FOUR-YEAR PROGRAM
Below is the standard four-year program for 
students who decide on a mechanical engi-
neering major in their first year. The basic 
mechanics course ME 120 is offered every 
semester. This allows an alternative four-year 
program for students entering the mechanical 
engineering major in the sophomore year.

First Year
MTH 1611 MTH 1621

CHM 131/151 PHY 121
Technical ME 120
 elective2 Cluster course
CAS 105 ME 110
 (Primary Writing)

Second Year
MTH 163 or 165 MTH 164
PHY 122 Natural science
ME 121 ME 123
Cluster course ME 226

Third Year
ME 280 Circuits
ME 225 ME 241
ME 211 ME 223
Cluster course Distribution
  elective

Fourth Year
ME 204 ME 205
ME 242 ME 213
ME 251 Free elective
Free elective Free elective

MINOR IN MECHANICAL 
ENGINEERING
A minor in mechanical engineering is avail-
able to give the nonmajor an opportunity 
to study some of the main ideas of modern 
engineering and acquire the skills necessary 
to implement them. The interested student 
should plan a focused program of study with 
any mechanical engineering faculty member.

The requirements for a minor in mechanical 
engineering are as follows:
• The student must attain passing grades in 

four ME courses at the 200 level or higher. 
The minimal acceptable GPA for these 
courses is 2.0.

• The student’s program of study must in-
clude at least one of the following courses: 
ME 204, 205, 211, 241, 242, or 251.

In preparation for the upper-level mechanical 
engineering courses, a student would nor-
mally take two of the introductory courses ME 
120, 121, 123, or their equivalents.

UPPER-LEVEL WRITING 
REQUIREMENT
Upper-level writing requirements are satis-
fied by the required writing components of 
the laboratory project and design courses 
required of all majors.

COURSES OF INSTRUCTION
Definitive course listings are published before 
each semester. Courses listed here carry 4 
credit hours unless otherwise noted. Following 
are some of the recent or planned offerings.

104Q. Life’s Structures: Mechanical De-
sign in Nature and in the Technological 
World. Mechanical aspects of design in the 
context of two areas in which most students 
have a very good intuitive understanding: 
structures built and used by humankind over 
the centuries and human and animal bodies. 
We examine how Newtonian mechanics, mate-
rial behavior, energy requirements, size, and 
dimensional considerations define the bound-
aries of mechanical design in nature and in 
human technology. On the side of technology, 
the course studies the evolution of masonry 
buildings, of bridges, and of other structures. 
In the case of biological design, topics include 
bones and the skeletal system, the heart 
and the circulatory system, muscles and soft 
tissues. Students work in teams on several de-
sign projects, including written reports, model 
constructions, poster presentation.
105. Roman Structures: Engineering 
in the Classical World. A study on location 
of Roman engineering focused primarily on 
civil engineering structures, but also including 
topics in mechanics, hydraulics, and materials. 
Modern theories in structural mechanics and 
strength of materials are used to analyze the 
practice, the achievements, and the limita-
tions of Roman engineering. Topics include 
the development of structural form in antiq-
uity, building and manufacturing techniques, 
construction machines and war implements, 
bridges, aqueducts, monumental buildings, 
vaults, and domes. The course begins with 
a mandatory three-weeklong program of 
study-on-location in Italy during the month 
of August, which includes extensive visits to 
Roman monuments, archeological sites, and 
museums in Rome. This course is part of a 
new interdisciplinary program between the 
Department of Mechanical Engineering and 
the Department of Religion and Classics. An 
additional program fee is required. Same as 
CLA 213.
*110. Engineering Graphics. Credit—2 
hours. Elements of descriptive geometry. 
Orthographic projections and drawing. Di-
mensioning and tolerancing. Manufacturing 
principles and techniques. Assembly drawings. 
Computer-aided design.
*120. Engineering Mechanics I: Statics. 
Vector algebra of forces and moments. Free 
body diagrams and equilibria of particles and 
rigid bodies. Centroids and centers of gravity. 
Internal forces in trusses, frames, machines, 
and beams. Friction and applications to ma-
chines. Moments of inertia and the principle 
of virtual work for rigid bodies. Prerequisite: 
MTH 161.
121. Engineering Mechanics II: Dy-
namics. Kinematics and dynamics of particles 
and rigid bodies. Forces and accelerations. En-
ergy and momentum methods. Introduction 
to vibrations. Prerequisite: ME 120.

123. Thermodynamics. Concepts and 
definitions of energy, work, and heat. Prop-
erties of substances. Equations of state. First 
and second laws of thermodynamics. Entropy. 
Irreversibility and availability. Thermodynamic 
relations. Some power and refrigeration 
cycles. Prerequisites: MTH 162, PHY 121.
163. Applied Differential Equations. 
Linear first-order equations; separable first-or-
der equations; direction fields and elementary 
numerical methods. General theory of linear 
second-order equations; equations with con-
stant coefficients; inhomogeneous equations; 
detailed treatment of oscillators, including 
damping, forcing, and resonance. Introduction 
to nonlinear equations and phase plane 
methods. Extensive treatment of applications 
in engineering and science. Prerequisite: MTH 
143 or 162.
164. Applied Vector Calculus and Linear 
Algebra. Review of vector algebra; scalar and 
vector fields; gradient, curl, and divergence; 
curves; surfaces; line integrals; surface inte-
grals; Gauss’ theorem; Stokes’ theorem. Sys-
tems of linear equations; matrices and matrix 
algebra; matrix rank; vector spaces; eigenval-
ues and eigenvectors. Extensive treatment 
of applications in engineering and science. 
Prerequisite: MTH 143 or 162.
201. Applied Boundary-Value Problems. 
Formulation of partial differential equations 
for physical problems; Fourier series; sepa-
ration of variables leading to Fourier series; 
Sturm-Liouville theory; eigenfunction ex-
pansions and separation of variables; Fourier 
transform; similarity methods; Fourier-Bessel 
expansions and separation of variables in 
cylindrical coordinates; Legendre polynomials 
and separation of variables in spherical coor-
dinates. Equations dealt with in the course are 
the Laplace equation, the heat equation, the 
wave equation, and related equations. Appli-
cations are to such areas as heat conduction, 
fluid flow, electromagnetic theory, acoustics, 
and quantum mechanics. Cross-listed with 
MTH 281. Prerequisites: ME/MTH 163, 164.
202. Applied Complex Variables. Com-
plex numbers and the complex plane; analytic 
functions; elementary functions; complex 
integration; series expansions; residue theory; 
multi-valued functions; Laplace transform 
and complex inversion. Applications treated 
include the following: use of complex func-
tions in oscillation theory; evaluation of real 
integrals by contour integration; numerical 
representation of functions by series; solution 
of ordinary differential equations by power 
series; solution of Laplace equation in two 
dimensions; solution of ordinary and partial 
differential equations by Laplace transform. 
Cross-listed with MTH 282. Prerequisites: 
ME/MTH 163, 164.
203. Kinematics of Machinery. Geo-
metrical kinematics. Elementary properties 
of plane motion with applications to linkages, 
cams, and gears. Analytical kinematics. Gener-
alized coordinates, constraint equations, posi-
tion and kinematic analysis of mechanisms. 
Numerical methods. Analytical dynamics of 
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machines. Generalized forces, virtual work. 
Applications to reciprocating engines. Mech-
anism design project. Prerequisites: ME 120, 
121.
204. Mechanical Design. The theory and 
application of structural mechanics to me-
chanical design. Topics include matrix struc-
tural analysis and finite element techniques. 
Students use the NASTRAN finite element pro-
gram to solve a variety of design and analysis 
problems. The term project consists of a team 
competition to design, analyze, build, and test 
a lightweight structure. Prerequisite: ME 226 
(ME 211 recommended).
205. Advanced Mechanical Design. 
This course follows ME 204 in the study of 
mechanical components and analysis models. 
There is an emphasis throughout on the use 
of the computer to obtain solutions and to 
achieve optimization. There is a semester-long 
team design project. Historically, design topics 
have been drawn from local industry and su-
perior student designs have been built by the 
corporate sponsors. Prerequisite: ME 204.
211. Computational Methods in Me-
chanical Engineering. Introduction to Mat-
lab, solution of polynomial and transcendental 
equations, optimization, differentiation and 
integration, solution of ordinary differential 
equations, solution of matrix equations, inter-
polation. Applications. Prerequisites: ME/MTH 
163, 164.
213. Mechanical Systems. Free and 
forced vibration in one, two, and many 
degrees-of-freedom systems. Complex rep-
resentation, damping, matrix methods, appli-
cations. Continuous systems; string and beam 
vibration. Prerequisites: ME 121, 226; ME/MTH 
163, 164.
222. Introduction to Robust Design 
and Quality Engineering. Definition and 
pursuit of “quality” as a design criterion; ideas 
of Taguchi and others. The concept of robust 
design. Selection of the quality characteristics 
and experimental design to improve quality. 
Prerequisite: ME/MTH 164 or equivalent.
223. Heat Transfer. Modes of heat transfer; 
application of practical heat transfer devices. 
Engineering analysis of heat exchanger ele-
ments and design of heat exchangers. Team 
design project requiring synthesis of analytical 
and empirical elements. Prerequisites: ME 
123, 225.
225. Introduction to Fluid Dynamics. 
Dimensional analysis, kinematics, Bernoulli’s 
theorem, potential flow, vorticity, viscous flow, 
pipe flow, boundary layers, instability and 
turbulence. Prerequisites: ME/MTH 163, 164; 
ME 120, 123.
226. Introduction to Solid Mechanics. 
Loads and displacements, stress and strain in 
solid medium. Laws of elasticity. Mechanical 
properties of materials. Thermal stresses. Axial 
loading. Pressure vessels. Plane stress and 
plane strain. Torsion and bending of beams. 
Energy methods. Buckling. Prerequisites: ME 
120.
227. Applied Fluid Dynamics. Selected 
topics in fluid dynamics as applied in engineer-
ing practice. Topics include pipe flow, pipe 

networks, open-channel flow, flow in turbines 
and pumps, low-speed aerodynamics, drag 
reduction, and hydrodynamic lubrication. 
Assignments include design of fluid compo-
nents and systems. Individual design projects. 
Prerequisite: ME 225.
241. Fluid Dynamics Laboratory. In-
troductory lectures on lab practice and data 
analysis. The first part of the lab uses simple 
experiments to familiarize the student with 
different instruments used in fluid dynamics, 
heat transfer, and heat power. In the second 
part, students (working in groups of three) 
perform experiments designed by them. 
Reports are given both orally and in writing. 
Prerequisite: ME 225.
242. Materials and Solids Laboratory. 
Fundamentals of experimentation, including 
instrumentation, data analysis, and reporting. 
Lectures, short instrumentation labs, and an 
independent project. Prerequisites: ME 121, 
226, 280.
251. Heat Power Applications. Power 
cycles, engines, compressors and turbines, 
refrigeration cycles, air conditioning, direct 
energy conversion, energy storage, and 
combustion. A design project is included. 
Prerequisites: ME 123, 225 (may be taken 
concurrently).
252. Modern Energy Conversion. Con-
version of chemical and nuclear energy into 
mechanical and electrical energy. Energy 
sources and their projected use. Conventional 
electric power generation, thermoelectric 
and thermionic systems and fuel cells, fission, 
controlled fusion, and magnetohydrodynamic 
power generation. Design project. Prereq-
uisite: ME 123.
253. Nuclear Engineering. Nuclear struc-
ture, nuclear reactions, fission, nuclear power 
plants, neutron diffusion, reactor theory, 
reactor kinetics. Team design project. Prereq-
uisites: PHY 123, ME 123.
254. Finite Elements. The theory and 
application of finite element analysis in struc-
tural mechanics and other disciplines. Topics: 
matrix analysis concepts; element formulation 
methods; element behavior and geometry; 
global analysis aspects; isoparametric ele-
ments; elements for C1 continuity problems. 
Prerequisite: ME 226.
280. Introduction to Materials Science. 
Relationship between microstructures of solid 
materials and their engineering properties. 
The dependence of mechanical, electronic, 
magnetic, thermal, and chemical properties 
of metals, semiconductors, ceramics, poly-
mers, and glasses on their chemical bonding, 
electronic structure, atomic arrangement, and 
phase composition. Prerequisites: ME/ MTH 
163, 164; PHY 123.
281. Mechanical Properties of Mate-
rials. Isotropic and anisotropic elasticity. Yield 
criteria and yield surfaces for polycrystals and 
single crystals. Slip-line solutions. Plasticity, 
defects, strengthening mechanisms. Ductil-
ity, work hardening, hardness. Creep. Effects 
of stress, temperature, and microstructure 
on strain-rate. Constitutive laws for metals, 
semiconductors, ceramics, glasses, polymers. 

Deformation mechanism maps and isome-
chanical groups. Examples selected from 
forging, rolling, extrusion, machining, wear. 
Prerequisites: ME 280, ME/MTH 163.
390. Supervised Teaching.
391. Independent Reading.
392. Special Topics Seminar.
393. Special Essay or Thesis.
394. Internship.
395. Independent Research.

The following graduate courses are open to 
advanced undergraduates with permission 
of the instructor.
401. Methods of Applied Mathematics. 
402. Partial Differential Equations. 
403. Computational Methods for Engi-
neering and Science. 
404. Perturbation and Asymptotic 
Analysis.
405. Diffusion.
406. Dynamical Systems. 
407. Advanced Dynamics.
408. Phase Transformations.
411. Mechanical Properties of Poly-
mers.
421. Physical Rheology. 
424. Introduction to Robust Design and 
Quality Engineering. 
428. Geophysical Fluid Dynamics.
434. Introduction to Plasma Physics I.
435. Introduction to Plasma Physics II. 
436. Compressible Flow.
437. Incompressible Flow.
440. Mechanics of Structures. 
441. Finite Elements. 
442. Introduction to Dislocation  
Plasticity.
443. Applied Vibrations Analysis.
444. Continuum Mechanics.
445. Plates and Shells.
446. Wave Propagation in Elastic Media. 
447. Mechanics of Composite Materials. 
448. Structural Stability.
449. Theory of Elasticity. 
450. Optimum Design.
451. Crystallography and X-Ray Dif-
fraction. 
452. Electron Microscopy. 
458. Nonlinear Finite Element Analysis. 
459. Advanced Finite Elements.
460. Thermodynamics of Solids. 
461. Fracture and Fatigue. 
462. Experimental Material Science. 
463. Microstructure and Mechanical 
Properties.
481. Mechanical Behavior of Solid 
Materials.
482. Biofluid Mechanics. 
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Govind P. Agrawal, Ph.D. (Indian Institute of 
Technology) Professor of Optics and of 
Physics and Senior Scientist in the Labora
tory for Laser Energetics

David Berg, M.S. (Rochester) Adjunct Pro
fessor of Optics

Nicholas P. Bigelow, Ph.D. (Cornell) Lee A. 
DuBridge Professor of Physics and Profes
sor of Optics and Senior Scientist in the 
Laboratory for Laser Energetics

Robert W. Boyd, Ph.D. (California, Berkeley) 
M. Parker Givens Professor of Optics and 
Professor of Physics

Joseph H. Eberly, Ph.D. (Stanford) Andrew 
Carnegie Professor of Physics and Professor 
of Optics

Philippe Fauchet, Ph.D. (Stanford) Dis
tinguished Professor of Electrical and 
Computer Engineering, Professor of Optics, 
of Materials Science, and of Biomedical 
Engineering, and Senior Scientist in the 
Laboratory for Laser Energetics

James R. Fienup, Ph.D. (Stanford) Robert E. 
Hopkins Professor of Optics, Professor in 
the Center for Visual Science, and Senior 
Scientist in the Laboratory for Laser Ener
getics

Thomas Foster, Ph.D. (Rochester) Professor 
of Imaging Sciences, of Optics, and of 
Physics

Nicholas George, Ph.D. (California Institute 
of Technology) Wilson Professor of Elec
tronic Imaging and Professor of Optics and 
of Electrical and Computer Engineering

Douglas Goodman, Ph.D. (Arizona) Adjunct 
Professor of Optics

Stephen D. Jacobs, Ph.D. (Rochester) Senior 
Scientist in the Laboratory for Laser Ener
getics and Professor of Optics, of Chemical 
Engineering, and of Materials Science 

Wayne H. Knox, Ph.D. (Rochester) Professor 
of Optics and Senior Scientist in the Labo
ratory for Laser Energetics; Director, The 
Institute of Optics

Duncan T. Moore, Ph.D. (Rochester) Rudolf 
and Hilda Kingslake Professor in Opti
cal Engineering Science and Professor of 
Optics, of Biomedical Engineering, and of 
Business Administration in the William E. 
Simon Graduate School of Business Admin
istration; Vice Provost for Entrepreneurship

Lukas Novotny, Dr. Sc.Techn. (Swiss Federal 
Institute of Technology) Professor of 
Optics, of Physics, and of Biomedical Engi
neering and Scientist in the Laboratory for 
Laser Energetics

Carlos R. Stroud, Jr., Ph.D. (Washington) Pro
fessor of Optics and of Physics

Kenneth J. Teegarden, Ph.D. (Illinois) Profes
sor of Optics

Ian A. Walmsley, Ph.D. (Rochester) Adjunct 
Professor of Optics

Gary W. Wicks, Ph.D. (Cornell) Professor of 
Optics; Associate Director, The Institute of 
Optics

David R. Williams, Ph.D. (California, San 
Diego) William G. Allyn Professor of 
Medical Optics, Professor of Brain and 
Cognitive Sciences, of Optics, of Ophthal
mology, and of Biomedical Engineering; 
Director, Center for Visual Science

Emil Wolf, Ph.D. (Bristol), D.Sc. (Edinburgh) 
Wilson Professor of Optical Physics and 
Professor of Optics

Andrew J. Berger, Ph.D. (M.I.T.) Associate 
Professor of Optics and of Biomedical 
Engineering

Thomas G. Brown, Ph.D. (Rochester) Associ
ate Professor of Optics and Scientist in the 
Laboratory for Laser Energetics

Chunlei Guo, Ph.D. (Connecticut) Associate 
Professor of Optics

John Marciante, Ph.D. (Rochester) Associate 
Professor of Optics and Scientist in the 
Laboratory for Laser Energetics

Wolf Seka, Ph.D. (Texas) Senior Scientist in 
the Laboratory for Laser Energetics and

Associate Professor of Optics
James M. Zavislan, Ph.D. (Rochester) Asso

ciate Professor of Optics, of Dermatology, 
of Ophtalmology, and of Biomedical Engi
neering; Director of Institute Ventures

Miguel A. Alonso, Ph.D. (Rochester) Assis
tant Professor of Optics

Julie Bentley, Ph.D. (Rochester) Adjunct  
Assistant Professor of Optics

Dale Buralli, Ph.D. (Rochester) Adjunct  
Assistant Professor of Optics

Jennifer Kruschwitz, M.S. (Rochester)  
Adjunct Assistant Professor of Optics

James Oliver, M.S. (Rochester) Adjunct 
Assistant Professor of Optics and Research 
Engineer in the Laboratory for Laser 
Energetics

Brian J. Thompson, Ph.D. (Manchester)  
Provost Emeritus and Distinguished  
University Professor and Professor  
Emeritus of Optics

M. Parker Givens, Ph.D. (Cornell) Professor 
Emeritus of Optics

Robert E. Hopkins, Ph.D. (Rochester) Professor 
Emeritus of Optics

Optics is the subject that deals with the gen-
eration, propagation, detection, manipulation 
and application of light. Having awarded the 
nation’s first B.S. degree in optics in 1932, the 
University of Rochester’s Institute of Optics 
has established itself as one of the world’s 
leading centers for teaching and research 
in the rapidly expanding field of optics. The 
invention of the laser in 1960 and other im-
portant developments opened up many new 
possibilities, including fiber-optic communic-
ations, holography, optical information stor-
age (CD technology, for example), electronic 
imaging, and more, so that today, optics has 
become one of the technological pillars of 
modern society. Optics also contributes much 
to modern science, figuring prominently in a 
number of recent Nobel prizes.

Rochester students completing the B.S. in 
optics in recent years have chosen to pursue 
graduate studies in optics, physics, electri-
cal engineering, or biomedical engineering; 
to accept positions as optical engineers in 
the thriving optics industry; to work in en-
gineering sales; to attend medical school or 
law school; or to enter a business program to 
pursue an M.B.A. In addition to traditional ca-
reer directions, medicine and law offer signifi-
cant opportunities today for someone with a 
background in optics. Optical instrumentation 
and techniques are becoming very important 
in medical research and medical practice, 
so an M.D., or an M.D./Ph.D., with a B.S. in 
optics is uniquely educated to become a key 
participant in these emerging areas. Likewise, 
because of the strong entrepreneurial spirit 
of the optics community, a patent attorney 
with a B.S. in optics can establish a very active 
practice.

The optics curriculum provides the depth 
and breadth needed to prepare for a variety 
of career options. The foundations of optics 
are covered by the required coursework, in-
cluding lasers, geometrical and physical optics, 
electromagnetic theory, quantum mechanics, 
and optical and optoelectronic devices, instru-
ments, and measurement techniques. Optics 
majors can supplement their required course-
work with a number of electives to tailor 
their programs to their specific interests. The 
faculty encourages optics majors to become 
involved in the world-class research programs 
that are a distinctive part of The Institute’s 
culture.

Students may also gain experience in engi-
neering project planning and execution via 
an honors project or internship. These are 
designed to help students translate knowledge 
acquired in the classroom to practical applica-
tions.

ADMISSION REQUIREMENTS
Students normally apply for admission to The 
Institute of Optics at the end of the soph-
omore year by submitting a concentration 
approval form to their advisor or to the chair 
of the Undergraduate Committee. Admission 
requirements are as follows: (1) an overall 
grade-point average of at least 2.0; (2) a grade-
point average of at least 2.0 in PHY 121, 122, 
or 142, and 123 or 143, or in those courses 
taken to fulfill the physics requirement; (3) a 
grade-point average of at least 2.0 in MTH 161, 
162, 163 or 165, and 164, or in those courses 
taken to fulfill the math requirement; (4) a 
grade of C or better in each of OPT 241 and 
261; and (5) completion of CAS 105 with a 
grade of C or better. For graduation, a mini-
mum cumulative grade-point average of 2.0 is 
necessary for all courses taken in The Institute 
of Optics, as well as an overall average of 2.0. 
Additionally, a student must have at least 130 
credit hours completed upon graduation.

Prospective students and undergraduates 
considering optics as a major are encouraged 
to write or to visit The Institute of Optics for 
more information and individual counseling.

OPTICS
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FOUR-YEAR PROGRAM
First Year
MTH 1611 MTH 1621

CHM 131 PHY 121
CAS 105 CAS 105 (if closed out  
OPT 1012  in fall semester)
 OPT 2414

Second Year
MTH 1641 MTH 1631

PHY 122 or 142 PHY 123 or 143
OPT 211 OPT 261
Cluster course Cluster course

Third Year
OPT 2423 OPT 262
OPT 224 OPT 287 
MTH 281 ECE 210
Cluster course Cluster course

Fourth Year
OPT 226 OPT 223
OPT 2564 OPT 300
Elective (tech. or free) Elective (tech. or free)
Cluster course Elective (tech. or free)

Outstanding students are encouraged to take 
the physics sequence recommended for phys-
ics majors—first year: PHY 121 (fall), PHY 142 
(spring); second year: PHY 143 (fall), phys-
ics elective (spring). Students choosing this 
sequence should also take CHM 131 before 
the end of the second year.

There is an electronic circuits requirement 
which may be satisfied by ECE 210, and a com-
puting requirement which may be satisfied by 
OPT 211, another programming course, or by 
an examination administered by the adminis-
trative committee of the department.

Mastery of prerequisite courses is essential to 
ensure successful performance in subsequent 
courses. For cases in which the student has 
not achieved a “C–’’ or better in the prereq-
uisite course(s) for a given optics course, spe-
cial permission of the Optics Undergraduate 
Com mittee is required before the student is 
allowed to register. Optics courses may be re-
taken only once (without special permission). 
Students so advised are asked to seek guid-
ance in planning their future program from 
their faculty advisors.

DISTRIBUTION REQUIREMENTS
In accordance with the Rochester Curriculum, 
students must complete one cluster (three 
courses) from the humanities division and one 
cluster (three courses) from the social sci-
ences division. Minors in these areas will also 
satisfy this requirement.

TECHNICAL ELECTIVES
Two electives must be technical electives.

The following courses are approved as tech-
nical electives for optics majors:
1. Any course with a 200 number or higher 
from SEAS, physics and astronomy, mathe-
matics, chemistry, or the biological sciences, 
with the exception of ME 201, ME 202, or any 
required course.
2. A computer course with a 200 number or 
higher.
3. ECE 210 (circuits).
4. Any other technical course as approved 
by petition to The Institute of Optics, Under-
graduate Committee.

NOTE: STT 211 and STT 212 (statistics) cannot 
be counted as technical electives.

OPTICS HONORS PROGRAM
The aim of this program is to offer qualified 
students increased exposure to the research 
being conducted at the Institute, increased 
interaction with faculty, and a chance to apply 
creativity to a research project. The program 
consists of 8 semester hours (which may be 
counted as technical electives). These hours 
include reading and research under the super-
vision of a faculty member. Students having a 
cumulative grade-point average of 3.6 or bet-
ter are automatically eligible for this program. 
However, a 3.4 (overall) GPA is needed to 
maintain honors status. Students will be noti-
fied of their eligibility for the Honors Program 
in the spring semester of their junior year.

MINOR IN OPTICS
Students interested in completing a minor in 
optics should meet with a faculty member of 
the Institute of Optics to plan a focused pro-
gram of study. Optical technologies continue 
to assume greater importance in a range of 
applications and a stronger grasp of the field 
has become a desirable option for majors in 
other science and engineering disciplines. The 
requirements for a minor in optics are sat-
isfied by receiving grades of C or better in five 
optics courses. The program of study must 
include OPT 241, 261, and 300, and a selection 
from among the other courses taught within 
the Institute at the 200 level or above.

B.S.-M.S. PROGRAM IN OPTICS
Undergraduate juniors majoring in optics may 
apply for admission into a five-year program 
leading to both a B.S. and an M.S. degree in 
optics. Students may apply for this program 
in the fall of their junior year and, if accepted, 
can begin master’s-level independent work 
during the senior year. The B.S. is awarded at 
the end of the fourth year. Work or study for 
credit in the summer between the fourth and 
fifth years can be arranged, if desired. The fifth 
year of this program contains more advanced 
coursework, reading, and research than the 
normal curriculum. Students may follow the 
master’s thesis (Plan A) or the nonthesis (Plan 
B) route. The thesis route is particularly rec-
ommended as it allows the student to develop 

a very high level of expertise in a specialized 
field of optics.

The normal fourth- and fifth-year programs for 
students in this program area are as follows:

Fourth Year
OPT 226 OPT 256
OPT 461 or 441 OPT 462 or 442
OPT 425 OPT 444
OPT 224 Elective (Optics)

Summer Work or Study (optional)
OPT 491, 493, or 495 (up to 6 credits)

Fifth-Year—Plan A (with thesis)
OPT 461 or 441 OPT 442 or 462
OPT 491 OPT 491
OPT 495 OPT 495
Elective (Optics) Elective (Optics)

Fifth-Year—Plan B (without thesis)
OPT 461 or 441 OPT 462 or 442
3 Electives (Optics) 3 Electives (Optics)

The elective courses in the fifth year may be 
any of the 400-level courses in optics. It is 
also recommended that the student take a 
sequence of courses in a particular area to 
develop a specialty. Certain courses in other 
departments are also acceptable, but such 
courses should be approved in advance by a 
faculty advisor.

UPPER-LEVEL WRITING 
REQUIREMENT
OPT 241 and 256 fulfill the upper-level writing 
requirements.

COURSES OF INSTRUCTION
Definitive course listings are published before 
each semester. Courses listed here carry 4 
credit hours unless otherwise noted. Following 
are some of the recent or planned offerings.

101. Optics in the Information Age. 
Begins with a discussion of the properties of 
light: refraction, imaging, diffraction, interfer-
ence, the historical development of optical in-
struments (microscope, telescope, and laser) 
then moving into such topics as the Internet, 
high-speed information access, information 
storage and display, and also new medical ap-
plications. Demonstrations.

Courses 196, 197, 198, and 199 are onecredit 
laboratory courses designed to complement 
the classroom material offered in the first 
three years. These laboratories emphasize  
practical problem solving, measurement, 
and presentation skills in various aspects of 
geometrical optics, physical optics, metrology 
and photonics/optoelectronics. 

196. This course is intended to supplement 
OPT 101 during the fall semester. It is not re-
quired for the optics major, but first-semester 
freshmen are encouraged to enroll.
197. This course accompanies OPT 241 in 
the spring semester and is normally taken 
during the first year. It is a required course for 
undergraduate optics majors.

1. An alternative approved sequence is MTH 171, 172, 173, 
174 for those considered eligible by the Department of 
Mathematics or MTH 141, 142, 143, 163, or 165, 164.
2. OPT 101 is recommended.
3. PHY 238 may be substituted for OPT 242 by students 
who minor in physics.
4. OPT 241 and 256 fulfill the upper-level writing requirement.
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198. This course accompanies OPT 261 in 
the spring semester and is normally taken dur-
ing the second year. It is a required course for 
undergraduate optics majors.
199. This junior-level course emphasizes 
laboratory skills in optical metrology and vari-
ous topics in optoelectronics/photonics.
211. Computational Methods in  
Optics. This course introduces techniques of 
transforming continuous problems to discrete 
mathematical models. Students learn com-
putational methods for solving problems in 
optics using high-level software. Includes labs. 
Prerequisites: MTH 162 and concurrent enroll-
ment in MTH 164.
223. Quantum Theory of Optical Mate-
rials and Devices. Introduction to quantum 
mechanics in the context of modern optics 
and optical technology. Wave mechanics ap-
plied to electrons in crystals and in quantum 
wells. Absorption and emission in semicon-
ductors and the optical properties of materi-
als. Semiconductor junctions in photode-
tectors and photoemitters.
224. Laser Systems. Optical devices in-
cluding lasers, modulators, and optical wave 
guides. Emphasis is placed on developing the 
basic principles needed to design new devices, 
as well as an understanding of the operation 
of those currently in use. Prerequisite: some 
knowledge of simple quantum mechanics and 
scalar diffraction theory is assumed. Optics 
majors should have taken OPT 241 and 261. 
MTH 163 is recommended.
226. Optoelectronics I: Devices. Intro-
duction to the physics of optoelectronics. 
Light propagation in restricted geometries 
including waveguides and optical fibers. Dis-
persion and loss in linear and nonlinear pulse 
propagation. Passive optoelectronic devices: 
detectors and couplers. Active optoelectronic 
devices: lasers and modulators. Coupling be-
tween passive and between active and passive 
elements.
232. Optomechanical Design. Concepts 
required to achieve goals of optical system 
performance, combining of glass with metal 
or plastic, kinematic design, material limi-
tations, effects of gravity and temperature. 
Applications to optical metrology, alignment, 
geometry 2-D and 3-D, and generation of 
precision diffraction gratings. Standards for 
straightness, flatness, roundness, and length.
241. Geometrical Optics. Optical instru-
ments and their use. First-order Gaussian op-
tics and thin-lens system layout. Photometric 
theory applied to optical systems. The eye, 
magnifier, microscope, matrix optics, nature of 
Seidel aberrations. Laboratory. Prerequisites: 
MTH 161; optics computing requirement.
242. Aberrations, Interferometers, 
and Optical Testing. Geometrical and dif-
fraction theory of image formation. Optical 
transfer functions. Measurement of first-order 

properties. Seidel aberrations. Tests of aber-
rated systems. Seidel contribution formulae. 
Two-beam interferometry. Interferometers in 
optical testing. Shearing, point diffraction, and 
heterodyne interferometers. Prerequisites: 
OPT 241, 261.
243. Optical Fabrication and Testing 
Laboratory. Credit—2 hours. Fabrication 
of  a plane parallel plate, lens, or prism from 
a variety of optical glasses; controlled loose 
abrasive grinding and pitch polishing skills; 
optical metrology, including interferometry 
and evaluation of roughness. Optics seniors 
only (or with permission of instructor).
246. Optical Interference Coating Tech-
nology. Optical interference in a multilayer 
stack and its application to anti-reflection coat-
ings, beamsplitters, laser mirrors, polarizers, 
and bandpass filters. Prerequisite: OPT 262.
252. Colorimetry. Principles and uses 
of CIE system of colorimetry, additive and 
subtractive color-mixture calculations, color-
difference evaluation, uniform color scales, 
chromatic adaptation, computer colorant for-
mulation, metameric colors, color-rendering 
properties of light sources.
256. Optics Laboratory. Intensive labor-
atory course with experiments on optical im-
aging systems, testing of optical instruments, 
diffraction, interference, holography, lasers, 
detectors, spectroscopic instruments. Prereq-
uisites: OPT 242, 261, and 262.
261. Interference and Diffraction. Com-
plex representation of waves; scalar diffraction 
theory; Fresnel and Fraunhofer diffraction and 
application to measurement; diffraction and 
image formation; optical transfer function; 
coherent optical systems, optical data pro-
cessing, and holography. Prerequisites: MTH 
164 and PHY 122 or 142.
262. Electromagnetic Theory. Vector 
analysis, Maxwell’s equations, energy flow in 
electromagnetic fields, dipole radiation from 
Lorentz atoms, partially polarized radiation, 
spectral line broadening, dispersion, reflection 
and transmission, crystal optics, electro-optics, 
quantum optics. Prerequisites: MTH 163, 164, 
PHY 122 or 142, and PHY 123 or 143.
263K. Quantum Optics Laboratory. 
A study of several applications including 
entanglement and Bell’s inequalities, single-
photon interference, single-emitter confocal 
fluorescence microscopy, among others; over 
four laboratory experiments culminating 
with an oral presentation and examination 
of photonics-based quantum computing and 
quantum cryptography. Students also devise a 
full-fledged potential business plan based on 
the implementation of this technology.
287. Mathematical Methods for Optics 
and Physics. A capstone course to examine 
the mathematical tools necessary for physics 
and optics in order to gain insight and experi-
ence in their application. Prerequisites: MTH 
161–164 or 165, MTH 281.

300. Current Optics and Optical Tech-
nology. A survey of advanced experimental 
and theoretical methods of modern optics, 
conducted as a series of seminars by experts 
from the faculty and industry. The objective of 
this course is to prepare students for careers 
in optical science or engineering by providing 
a broadly-based overview of current tech-
nology and techniques in optics. Prerequisites: 
OPT 224, 241, 242, 256, 261, and 262.
307. SEM Practicum. A closely supervised 
training in use of the scanning electron micro-
scope.
391. Independent Reading.
392. Special Topics. Current offerings 
include Guided Wave Optics, and Solid-State 
Physics and Optical Materials. (Course descrip-
tions and a complete listing are available from 
the Office of Undergraduate Affairs at The 
Institute of Optics.)
393. Special Essay.
395. Undergraduate Research Projects.
396. Honors Project. Reading or research 
course open by special permission to seniors 
in optics.

The following graduate courses are open to 
advanced undergraduates with permission 
of the instructor.
407. SEM Practicum.
411. Mathematical Methods for Optics.
412. Quantum Mechanics for Optics.
425. Radiation and Detectors.
428. Optical Communications.
441. Geometrical Optics.
442. Instrumental Optics.
443. Optical Fabrication and Testing.
444. Lens Design.
448. Principles of Eye Design.
461. Physical Optics I.
462. Physical Optics II.
465. Laser Systems.
467. Nonlinear Optics.
468. Guided Wave Optics.
*491. Reading Course in Optics (M.S.)
492. Special Topics in Optics (e.g., 
Nano-Optics, Medical Optics, Optics & 
Liquid Crystals).
*495. Research in Optics (M.S.)

*Admission is normally limited to those students enrolled 
in the five-year optics B.S.-M.S. program.
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advanced mechanics, heat transfer, rheology, 
rock mechanics, materials science, geophysics, 
sedimentary processes, and laboratory studies. 

The program also allows three free electives, 
which each student may choose to suit his or 
her special interests. For example, a student 
can elect to study environmental problems by 
taking courses in air and water pollution and 
in ecology. Training in environmental planning 
and policy work may be obtained by taking 
courses in earth and environmental sciences 
and public policy, environmental decisions 
and operations research. Many other special 
programs can be developed in such areas as 
water resources problems, advanced fluid 
dynamics of atmospheres and oceans, or ad-
vanced rock mechanics and structural geology. 
The student is encouraged to approach faculty 
regarding projects of interest.

For preparation in mathematics, the program 
requires MTH 161, 162, ME/MTH 163, and 
ME/MTH 164 (or the equivalent five-course 
sequence: MTH 141, 142, 143, ME/MTH 163, 
164). The required physics courses are PHY 
121, 122, and 123, and the required chemistry 
course is CHM 131. In earth and environmen-
tal sciences, EES 101, 201, 204, and 208 are 
required; and in mechanical engineering, the 
requirements are ME 120, 123, 225, 226, and 
either 241 or 242.

In addition to the above courses, there are 
four technical electives, which may be any     
of the earth and environmental sciences or 
mechanical engineering courses at the 200 
level or higher, and one technical elective 
from any discipline, as agreed upon with the 
faculty advisor.

The program includes three free electives to 
allow a strong minor in an area of particular 
interest to the student, or to broaden the 
scope of the curriculum. Other general degree 
requirements, including distributive require-
ments, are those listed below.

ADMINISTRATION
The geomechanics degree is awarded by the 
College in either arts and sciences or engi-
neering and applied sciences—the choice is 
made by the student. If the student chooses 
arts and sciences, his or her major advisor will 
be in the Department of Earth and Environ-
mental Sciences; if the degree is to be granted 
through engineering and applied sciences, 
the major advisor will be in the Department 
of Mechanical Engineering. In each case, the 
student will also have a minor advisor in the 
other department.

Below is a sample arrangement of courses. 
Considerable variations on this ordering are 
possible to accommodate transfers and special 
needs.

FOUR-YEAR PROGRAM IN
GEOMECHANICS
First Year
MTH 1611 MTH 1621

EES 101 PHY 121
CAS 105 ME 120
 (Primary Writing) Elective (cluster)
Elective 

Second Year
MTH 163 MTH 164
PHY 122, 181 PHY 123
Elective (cluster) ME 123
Elective EES 201

Third Year
CHM 131 Elective (technical)
ME 225 ME 226
Elective (technical)2 PHY 183
Elective (technical)2 Elective (cluster)
 Elective (cluster)
Fourth Year
EES 208 EES 204
Elective (technical)2 Elective (technical)2

Elective (cluster) Elective (technical)2

Elective Elective (cluster)

INTERDEPARTMENTAL
PROGRAMS

PROGRAM COMMITTEE
Robert C. Waag, Ph.D. (Cornell) Yates Pro

fessor of Engineering, Professor of Electri
cal and Computer Engineering and of 
Radiology

Roger F. Gans, Ph.D. (California, Los Angeles)  
Professor of Mechanical Engineering

Chunlei Guo, Ph.D. (Connecticut) Assistant 
Professor of Optics

Jack G. Mottley, Ph.D. (Washington University)  
Associate Professor of Electrical Engineer
ing; Chair of the Program

Mitchell Anthamatten, Ph.D. (M.I.T.) Assis
tant Professor of Chemical Engineering 
and Scientist in the Laboratory for Laser 
Energetics

Kevin Davis, Ph.D. (Boston) Assistant Pro
fessor of Biomedical Engineering and of 
Neurobiology and Anatomy

BACHELOR OF SCIENCE
IN ENGINEERING
AND APPLIED SCIENCE
The interdepartmental degree, B.S. in En-
gineering and Applied Science (BS/IDE), is 
intended for students who have specific tech-
nical objectives not adequately addressed by 
the other B.S. degree programs offered by the 
School of Engineering and Applied Sciences 
(SEAS). For example, students with interests in 
patent law or in architectual engineering have 
crafted programs of study well suited to their 

INTERDISCIPLINARY PROGRAMS
GEOMECHANICS

PROGRAM ADVISORS
†Roger F. Gans, Ph.D. (California, Los 

Angeles) Professor of Mechanical Engi
neering

John Tarduno, Ph.D. (Stanford) Associate 
Professor; Chair, Earth and Environmental 
Sciences

The program in geomechanics is a joint of-
fering of the Department of Earth and Envi-
ronmental Sciences and the Department of 
Mechanical Engineering, and leads to the de-
gree of bachelor of science in geomechanics. 
The program provides an unusual opportunity 
for students interested in the quantitative as-
pects of the earth sciences.

The curriculum emphasizes the application of 
the principles of mechanics to problems  
associated with the atmosphere, the oceans, 
and the solid earth. The program is a natural 
blend between the two departments and 
builds on several areas common to engi-
neering and to quantitative earth sciences: the 
mechanics of fluids, the mechanics of solids, 
and the properties of materials.

Students who successfully complete this pro-
gram will be well equipped for employment or 
graduate studies in a number of fields, such as 
civil and other engineering disciplines, geol-
ogy and geophysics, hydrology, engineering 
geology, and other related fields. Career 
opportunities include work with the U.S. 
Geological Survey and with departments of 
natural resources or environmental protection 
at the federal, state, and county levels, with 
the oil and mineral resources industries, and 
in multidisci plinary private consulting firms 
engaged in geological engineering.

CURRICULUM
The geomechanics curriculum is built around 
basic mathematics, physics, chemistry, earth 
and environmental sciences, and engineering 
courses. The required earth and environ-
mental sciences courses cover geologic proc-
esses, the evolution of the earth, mineralogy, 
and structural geology. Required engineering 
courses deal with basic mechanics, thermody-
namics, fluid mechanics, and solid mechanics.

Technical electives, chosen from a number of 
earth and environmental sciences and en-
gineering offerings, include courses in geo-
physical fluid dynamics, optical mineralogy, 

† Licensed professional engineer.
1. An alternative approved sequence is MTH 171, 172 for 
those considered eligible by the Department of Mathe-
matics. An acceptable alternative sequence to MTH 161.
2. One of these must be ME 241 or ME 242. Four of the 
remaining five shall be taken from earth and environmental 
sciences or mechanical engineering. The sixth may be any 
technical course approved by your faculty advisor.
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specific educational objectives through the 
Interdepartmental Program.

Within the total of 32 courses (128 credit 
hours) required to earn the B.S. degree (see 
page 136), a minimum of 18 are devoted to 
mathematics, other natural sciences, and 
engineering. (Of these, at least eight must 
be courses offered by SEAS.) A further nine 
courses, at a minimum, are devoted to satis-
fying the primary writing requirement, upper- 
level writing requirement (see this page) and 
two clusters, one in humanities and one in the 
social sciences (see page 136). The remaining 
courses may be free electives. Students fre-
quently use these courses to pursue one of 
the many certificates offered by the University, 
such as the Certificate in Management Studies 
(page 80). They may also be used to pursue a 
minor in one of the disciplines in the humani-
ties or social sciences, such as economics, 
philosophy, political science, or art history.

Each degree program under BS/IDE must 
include three sequences of technical or sci-
entific courses. Each sequence must include 
at least three courses, only one of which may 
be at the 100 level. A sequence of courses 
is defined as “a logical progression of study, 
confined to an acceptably identifiable area, in 
which later material builds upon and extends 
earlier material.’’ (In rare cases, the Com-
mittee has approved the use of a nontechnical 
or nonscientific sequence to strengthen the 
focus of a program when a student wishes to 
study such a discipline in depth.)

A final degree requirement under BS/IDE is a 
senior thesis. The thesis is a coherent, written 
summary of independent study, in the focus 
area of the program, undertaken under the 
supervision of an appropriate member of the 
SEAS faculty during a student’s junior and 
senior years. Up to 8 credit hours of inde-
pendent study may be included in a student’s 
program. During the second semester of the 
sophomore year, a prospective BS/IDE student 
is expected to seek out and work with an 
appropriate faculty member to define an area 
of independent study. A brief description of 
the topic along with the supervising faculty 
member’s signature is submitted by the end of 
the sophomore year as part of the application 
for admission to BS/IDE.

Students are expected to enter with and to 
maintain strong academic records. All students 
in the program must earn a minimum cumu-
lative grade-point average of 2.0 for all courses 
taken in their fields of specialization. This 
includes all courses in their sequences as well 
as the eight required engineering courses. In 
addition, each student entering the program 
must have completed the following subjects 
with a grade-point average of at least 2.7: 

primary writing, one course; mathematics, 
three courses, including one in differential 
equations (usually MTH 163); chemistry and 
physics, four courses, at least one in each. Full 
details of both admissions and degree require-
ments under BS/IDE are provided in docu-
ments available from the Dean’s Office in 306 
Lattimore Hall.

Students who are attracted to engineering and 
who are either unsure of specialization within 
the field or who have specific interests not 
obviously addressed by the standard programs 
are strongly encouraged to contact the Dean’s 
Office in Lattimore Hall for information on 
guidelines and degree requirements.

BACHELOR OF ARTS
IN ENGINEERING SCIENCE
The B.A. in engineering science (BA/ES) is 
intended for students who, while not nec-
essarily planning careers in the practice of 
engineering, may benefit from an enhanced 
technical content in their education. Tech-
nology and corresponding modes of thought    
are becoming ever more important in issues 
affecting everyone. Examples include environ-
mental issues, such as acid rain and the green-
house effect; issues broadly related to med-
icine, such as gene splicing and the proper 
use of life support systems; legal issues, such 
as privacy of records in the computer age; and 
new regulative and ethical issues raised by 
developing technology.

The B.A. in engineering science emphasizes 
breadth across engineering disciplines and 
as such offers an exposure to technology not 
available via other degree programs. Thus, 
students considering careers in business, law, 
or medicine may find the B.A. program ex-
cellent preparation. The technological focus of 
the program may offer advantages in dealing 
with issues such as those listed above, when 
they are encountered in the role of corporate 
manager, lawyer, or physician. Alternatively, 
the program could be followed by more in-
tense specialization in a specific engineer ing 
discipline at the master’s degree level.

Within the total of 32 courses (128 credit 
hours) required to earn the B.A. in engi-
neering science, a  minimum of eight courses 
must be in the natural sciences disciplines, 
including at least one course in chemistry, 
two in physics, and three in mathematics. The 
latter must include a course in differential 
equations (typically MTH 163). Two additional 
courses in these or other  natural science disci-
plines are also required. Additional course re-
quirements include one course in computing 
(CSC 170 or equivalent), and at least eight 
courses in engineering, including at least one 
laboratory-intensive course. The opportunity 

to take courses in depth from several engi-
neering disciplines is a unique aspect of this 
program.

To earn the B.A. in engineering science, stu-
dents must satisfy the primary and upper-level 
writing requirements and also must complete 
two clusters, one in the humanities and one in 
the social sciences.

Totaling the above course requirements leaves 
from five to eight courses available as free 
electives. This permits students considerable 
flexibility in shaping programs that reflect 
personal interests.

The BA/ES program is administered by the 
Committee on Interdepartmental Programs. 
Approval of the Committee is required for 
each proposed program of study. Admission 
to the program at the end of the sophomore 
year requires an overall grade-point average 
of at least 2.0, together with completion of 
the fol lowing nine courses with a GPA in these 
nine courses of at least 2.3: one primary writ-
ing course; three math courses, including a 
course in differential equations; three physics 
and chemistry courses, including at least one 
course in each; and at least two engineering 
courses.

Programs meeting degree requirements are to 
be worked out in consultation with an ap-
propriate member of the Program Committee. 
Interested students—including potential 
transfer students—may obtain information 
and application forms from the Dean’s Office 
in 306 Lattimore Hall.

UPPER-LEVEL WRITING 
REQUIREMENT
Significant writing experience in one’s disci-
pline is an important adjunct to the technical 
material one learns, and that experience is 
gained through upper-level writing courses 
in which a significant weight is given to the 
effectiveness of written communication. For 
students in the B.A. in engineering sciences or 
the interdepartmental engineering program, 
the upper-level writing requirement is satis-
fied by taking two or more of the courses that 
satisfy the upper-level writing requirement in 
the “traditional” engineering programs. Other-
wise the student and the IDE Committee will 
stipulate in the student’s plan where writing 
experience is to be gained. BME 101, 260, 396; 
CHE 246, 255, 273/4; ECE 111, 112, 113, 399; 
ME 204, 205, 211, 213, 223, 241, 242, 251; OPT 
256, 300, 397 are engineering courses that can 
be used to fulfill the requirement for BA/ES 
and BS/IDE majors.

INTERDEPARTMENTAL PROGRAMS




