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Before the Institute was even set up, various optics experts in the United States were asked
to recommend the nature of the proposed academic program. There was a diversity of
opinion among these advisors as to whether the new institute should be a separate entity
or part of the physics department. The tension between optics as a sub-field of physics and
optics as a branch of engineering has energized the Institute and its academic programs
from this beginning. Dennis Hall, faculty member and director of the Institute in the 1980s
and 1990s, liked to say that the department was organized along a different axis from con-
ventional physics and engineering departments. (See the diagram below, adapted from
Hall’s original.) Physics departments are concerned with basic research in all the various dis-
ciplines in physics, while electrical engineering departments are concerned with applied

research in all areas of electrical engineering. The Institute of Optics is rather concerned with
all areas of optics from the basic to the applied. Optics is also to be loosely defined as elec-
tromagnetic phenomena with wavelengths in the range from about one centimeter to one
angstrom. This broad view of the scope of the discipline and of the appropriate program
of graduate studies means that the students study fundamental physics as well as design,
fabrication, and testing of optical systems. To use modern jargon, one would characterize
the academic program as culturally diverse.

The original academic program of the Institute called for degree programs leading to
bachelor’s, master’s and doctor of philosophy degrees in optics. In spite of this the first
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doctoral degree in optics was not granted until 1939, a decade after the founding of the
department. The delay was not due to the students taking an extraordinarily long time to
graduate, but rather to the fact that the early students were physics department students
and got their degrees in that department. The students also took a great deal of their course
work in the physics department. As Brian O’Brien began to greatly expand the research
activities of the Institute in the years leading up to World War II, graduate research in
optical engineering quite separate from physics grew rapidly, as did the separate graduate
program. During the war the research programs greatly expanded, but student theses were
delayed until after the cessation of hostilities. Students were often recruited to set up assem-
bly lines for putting together some instruments needed urgently in the field. The fourth
floor of the Institute where most of the research took place was restricted by wire grills,
and everyone needed clearance to enter.

Following the war the graduate program in the Institute grew rapidly for several rea-
sons. The program was considerably enlarged and had better facilities than before, there
were many veterans returning to school, and the physics department was increasingly dom-
inated by nuclear and particle physics. Solid state physics was growing in importance. The
Institute had developed some experience in the area during the war so that the field was
now a part of the Institute instead of physics. Several faculty members were added in this
area. For a while there was even debate as to whether astronomy would be part of the
Institute; astronomer Malcolm Savedoff had a faculty appointment in the Institute for a
short while before moving to physics. For several years the written qualifying examination
in optics included an option in the second day in which the students could choose either
the optical engineering or the solid state optics version.

In about 1970 the curriculum was extensively reorganized into a form that has
remained essentially unchanged since. A unified core curriculum was set up in which every
doctoral student took the same set of eight required courses: two semesters of geometrical
and instrumental optics, two semesters of physical optics and image processing, one semes-
ter each of radiation and detectors, mathematics, quantum mechanics, and laser engineer-
ing. This core was what the faculty felt that every Ph.D. graduate in optics from Rochester
should know. After completing this common core the students took various specialty courses
depending on their research interests, but this core was what was covered on the written
preliminary examination for every student.
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The master’s degree in optics could be obtained with Plan A, the thesis option, or
Plan B, the course work and examination option. Part-time students from industry gener-
ally took the Plan B option and in addition were exempted from the teaching laboratory
requirement. The course work requirement for the M.S. was very similar to that for the
core for the Ph.D., with the exception that mathematics and quantum mechanics courses
were not required, and instead the teaching laboratory was required. Eight courses were
required for the Plan B degree, including these seven requirements and only one elective.
For several years the thesis plan was required for graduates of our undergraduate program.
Few other students chose this option because it was possible to complete the eight-course
requirement in nine months whereas a thesis generally required from twelve to twenty-four
months. There were also relatively few research assistantships to support the M.S. theses
because faculty members had available plenty of Ph.D. students who stayed around longer
and thus made a larger contribution to the research program.

A further attractive option was started for the master’s degree program, the M.S. co-op.
In this program the students would take their first semester of course work and then go out
and work for a company for one year, drawing an industrial salary, and then return to the
Institute for the final semester of course work. With these options the M.S. program grew
in popularity in the 1970s and 1980s, eventually reaching a peak enrollment of more than
thirty students per year in 1990. It allowed well-prepared graduates in physics or electrical
engineering to become sought-after optical engineers in just nine months. Active programs
in local industry in which employees were allowed time off from work to come to the
Institute to take two courses per also increased the numbers of students in the M.S. pro-
gram during this period. The enrollments in the M.S. program are always out of sync with
the employment situation. When the job market is tight, B.S. graduates decide to get an
M.S. degree, and the M.S. co-op is especially popular. On the other hand, when the
employment situation is good, students decide to go to work immediately on getting their
B.S. and there are fewer students in the M.S. program, except for part-time students.

Another innovation in the Ph.D. program proved very popular with applicants. All
admitted students were offered full fellowships with no teaching or research obligations dur-
ing their first year. They could spend the whole year taking courses and learning the basics
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of optics. After learning about all areas of optics they made their choice of research areas
and advisors. During the second year the students fulfilled their one-year teaching assistant
requirement while beginning research. This sped up the course work completion and
allowed students to take their preliminary examination in the summer before the beginning
of the second year. These innovations, along with a strong recruiting effort including bring-
ing top applicants to campus with all expenses paid, improved the quality of students in
the program dramatically in the 1980s and 1990s. The average grade point average of the
incoming students rose to almost 3.9/4.0. In some years the Graduate Record Exam scores
averaged as high as 2200. Optics won as many as three of the ten Sproull Fellowships, the
top fellowships offered in the University. The faculty often commented that it was good
that they got their degrees when they did because they would not be admitted to the
department today. It was true that many students entering some years had turned down
offers from Stanford, MIT or both, not to mention Arizona.

The quality of the students was a great boon to faculty research productivity.
Graduating students landed top positions in industry. A number went to Bell Labs, IBM
and other top industrial labs. Similarly, a number went to faculty positions in top schools
such as Cornell, Duke, Georgia Tech, Penn State, Arizona, and Sidney, among others.
Remarkably these students became faculty members not only in optics departments, but in
physics and electrical engineering departments in these top schools. The quality of the
broad education that the students received in the Institute was recognized even by these
departments in excellent schools.

The quality of the programs of the Institute was recognized in another most remark-
able fashion. In 1997, the most recent ranking of physics departments in the United States
by the National Research Council, The Institute of Optics was ranked as the twenty-fifth
best physics department in the country! It was ranked higher than some of the best known
departments in the country. It even marginally outranked the University’s Department of
Physics and Astronomy. This was probably due in part to some confusion on the part of
the rating panels, which were unable to distinguish between the two Rochester depart-
ments, but it showed indisputably that optics in Rochester, whether optical engineering or
optical physics, was recognized as excellent in the physics community.

The dual success of graduates in industry and academia, as well as the fact that quan-
tum optics theorists often become successful engineers and optical engineers often become
successful academic researchers and teachers, attests strongly to the basic correctness of the
model that combines basic optical physics and applied optical engineering in one depart-
ment and sees that every student experiences the whole range of disciplines. Changing of
the areas of application of optics will no doubt require modification of the core curricu-
lum. It is remarkable that the core has remained stable in course title, if not necessarily
course content, for thirty years. Of course, the advanced specialty courses change year by
year. It is unlikely that the basic model of mixing basic and applied optics in the faculty
and in the curriculum will change. It is very much a part of what it means to have a grad-
uate degree from The Institute of Optics at the University of Rochester.
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