
21. Research and Education in the 
Field of Optical Materials

Kenneth J. Teegarden

This is a brief history of the field of optical materials at the University of Rochester
covering the period from 1940 to the present. I have undoubtedly left out some of the
people who were important to the history. I apologize beforehand for those omissions. Also,
I have not gone into the details of the research carried out during the period covered—
including a comprehensive list of publications could have done this, but such a list would
probably have been too long for inclusion in this book. I encourage those who are interested
in sampling the breadth and significance of the research areas mentioned below to gener-
ate a partial list themselves.

Prior to 1940, Frederick Seitz, a solid state theorist who later played a major role in
the development of his field, occupied a faculty position in the Department of Physics but
that department was almost exclusively devoted to nuclear physics. Work on optical mate-
rials began in earnest in The Institute of Optics during the World War II and was
expanded in subsequent years by Brian O’Brien, director of the Institute during the war
and shortly thereafter. In the late 1950s, research in solid state physics spread to the Physics
Department, initially through joint appointments with the Institute. In a sense, therefore,
current programs in condensed matter physics in the University can be said to have their
roots in this earlier program in optical materials in the Institute.
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Initial work on optical materials started in The Institute of Optics in the form of an
extensive program to develop stable infrared sensitive phosphors. Wartime work on these
materials was carried out under the direction of Franz Urbach with support from the U.S.
Air Force. The infrared sensitivity of the phosphors was due to the presence of shallow
electron traps, which could be ionized by low-energy photons. Recombination of these
electrons with conduction band holes then produced radiation in the visible region of the
spectrum. To prevent complete bleaching of the traps and consequent disappearance of
infrared sensitivity, the traps needed to be continuously repopulated. This was accom-
plished by the incorporation of radioactive beta emitters into the materials. Although this
approach was apparently successful, it led to considerable radioactive contamination of the
fourth floor of the old wing of Bausch & Lomb Hall. One of my first assignments after
arriving at the University was to help clean up radioactive waste left over from the phos-
phor program. This program was phased out shortly after the war ended, and Urbach took
a position at Eastman Kodak Co.

M. Parker Givens was appointed to the position of assistant professor of optics in 1947.
Professor Givens, coming directly from his studies at Cornell University, began a funda-
mental study of the optical constants of metals and insulators in the vacuum ultraviolet.
The decision to add Professor Givens to the faculty was made in part by the need to
continue earlier work on the properties of materials in the soft x-ray region of the spec-
trum, and in part to initiate a more basic approach to optical materials. This appointment
was a radical departure from the established applied direction of the Institute and was
apparently met with considerable skepticism by several members of its faculty. The basic
work by Professor Givens did have practical consequences, however. The measurements
had to be carried out in high vacuum both to preserve surface purity and to permit the
use of soft x-ray radiation. At that time little of the equipment needed for this work was
obtainable commercially and had to be constructed in-house. Thus the research resulted
not only in original measurements on the optical constants of a variety of solids but also in
unique technology and methods. In addition, Professor Givens’s activities expanded
beyond the bounds of pure solid state physics. For example, he became involved with a
project to produce aspheric lenses more rapidly and more cheaply then had been possible
previously. One of these was the movie projectors for the large screen Todd-AO system.
Lenses that produced a high-quality image over the wide projection angle needed were too
complicated or even impossible to construct using only spherical surfaces. This problem
was solved by using the saged aspheres. Several aspheric lenses were also sold to the emerg-
ing Xerox Corp. for use in prototype copying machines.

Professor Robert E. Hopkins, who became director of the Institute after the departure
of Brian O’Brien, expanded fundamental studies of the optical materials through several
new appointments. In 1952 David L. Dexter, a solid state theorist who had been working
at the University of Illinois (Urbana) as a research associate, was hired as a research asso-
ciate in the Institute. Dexter was joined in 1953 by David B. Dutton and in 1954 by myself;
our appointments were also in The Institute of Optics as research associates. Both Dutton
and I were recent graduates of the Physics Department at Illinois, where our theses
involved studies of the optical and electronic properties of point defects in the alkali halides.
One might ask why such a tightly knit group working in a field apparently devoid of prac-
ticality was transported to the Institute. Was the choice based on some master plan, or were
there other reasons for the decision? It is true that the work I began required the use of
vacuum ultraviolet equipment and in a sense complemented the work of Parker Givens.
However, David Dutton turned his attention to a study of large bandgap semiconductors,
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and theoretical work by David Dexter ranged over a wide variety of topics. It is worthy of
note that Frederick Seitz was also at Illinois during the time of our appointments and by
then had become a major figure in the field of solid state physics. It is also interesting that
my and Dutton’s thesis advisor, Robert Maurer, had relatives living in Rochester and
frequently visited the University. At any rate, the connection between the solid state physics
group at Illinois and The Institute of Optics seems to have been strong and may have
played a role in the decision to make these appointments. This group of four people
(Givens, Dexter, Dutton and Teegarden) continued as a unit in the Institute until 1961,
when the College of Engineering was formed. It was then decided that the Institute become
part of the new college and that the Department of Physics, which had been devoted
entirely to the field of nuclear physics, would be allowed to offer faculty appointments to
some Institute members.

The Physics Department began broadening its base to include solid state physics,
choosing to make an offer to Dexter, which he accepted. Despite these administrative
changes, collaboration between the original members of this group in both departments
continued to be strong. In 1959 David Dexter published a paper in which he described the
group as “the solid state physics program at the University of Rochester.” Also, additions
to the faculty continued to be made. Robert S. Knox, who received a Ph.D. in optics and
physics in 1958, was appointed assistant professor of physics in 1960, and Albert Gold was
appointed assistant professor of optics in 1962. Both were students of Dave Dexter and
both had spent postdoctoral time in Urbana. Professor Gold later became associate dean
of the College of Engineering, and Professor Knox became chairman of the Department
of Physics and Astronomy at Rochester in 1969.
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David Dutton in the laboratory.

Professor Dexter and graduate student Robert S. Knox in 1957 study an avoided crossing.

Note that pipe smoking seemed to be common among the solid state group.

AJC-03.qxd  21/06/04  10:56 AM  Page 119



This group carried out a research program of well integrated theoretical and experi-
mental studies that led to:

1. Seminal studies of the absorption spectra of ionic solids, solid rare gases and large band
gap semiconductors which laid the foundation for theories of excitons and interband
transitions in these materials,

2. Contributions to our understanding of the interaction between excited electronic states
and the phonon structure of these solids,

3. Major contributions to the theory of energy transfer between electronic states in solids,
and

4. Pioneering work on multiple photon absorption in solids.

This group had considerable success in securing grants and contracts to support the
research. The Air Force Office of Scientific Research and the National Research Foundation
were the main sources of this support, which was used in part to expand the research effort
through the addition of postdoctoral fellows. These included Simpei Tutihasi from Japan,
Giancarlo Baldini from Italy, Robert Illingsworth from England, V. Vaydonovitch from the
USSR, N. Kristianpoller from Israel, and Martin Creutzburg from Germany, among
others. The diversity of these appointments attests to the international reputation attained
by this program in optical materials.

The program also, of course, supported graduate students. Many of these students went
on to faculty positions in other universities or to major positions in industry. Among them
are a few who were destined to continue important roles at the University of Rochester
and at other universities. Robert S. Knox and Albert Gold are mentioned above. Beall
Fowler, a student of Knox’s and extensive co-author with Dexter, went on to become the
chairman of the Physics Department at Lehigh University. Robert Knox’s son, Wayne
Knox, was one of my students and is currently director of The Institute of Optics. Another
of my students, Stephen Jacobs, has played a major role in the development of optical
materials for laser applications and the construction of several generations of the fusion
laser at the Laboratory for Laser Energetics. He also was instrumental in the development
of magnetorheological finishing of optical surface and was the thesis advisor for Donald
Golini, founder and president of QED Technologies, an extremely successful business here
in Rochester.

It is clear that the program in optical materials (or condensed matter physics) initially
begun in the Institute seeded this important field in other departments in the University.
Its graduates have gone on to play important roles in the other universities as well. The
scientific contributions to the field of condensed matter physics have been distinguished. It
is a pleasure look back on the accomplishments of the people involved, and a continuing
honor to be associated with them.
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