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Introduction 

 
This conference, held 19–20 August 2014 as part of the SPIE Optics + Photonics 
Symposium in San Diego, California, celebrated the 50th anniversary of the 
founding of the University of Arizona’s Optical Sciences Center (OSC) by Aden 
Meinel. The conference surveyed the progression of OSC from a small group of 
talented faculty to its present status as a world renowned center of learning in 
optics and photonics.  
 
Since its creation, the Center’s primary purpose has been both education and 
cutting-edge research in the optics and photonics arenas. The College has already 
graduated over 700 PhD, 1200 MS and 500 BS students. Faculty members were 
recruited from among the nation’s top talent in optical engineering, and this 
quickly spread to the fields of photonics, quantum optics and image science. 
 
This conference and the papers contained in this book also provide a glimpse into 
the variety of research topics that our students are exposed to in these disciplines.  
A group of faculty and other individuals, each representing their affiliated specialty 
area, presented new research and breakthroughs in science and technology. The 
papers reflect the growth of the College and its tremendous impact on a variety 
of scientific fields in education and in research for industry, military and medical 
applications. Advances in the field of optics, developed at OSC, will significantly 
impact tomorrow’s technology. 
 
The conference sessions were divided into eight topics: 
 
 1: History of OSC 
 2: Astronomical and Space Optics at OSC  
 3: Optical Engineering at OSC  
 4: Quantum and Nonlinear Optics at OSC  
 5: Imaging at OSC  
 6: Optical Instrumentation at OSC  
 7: Photonics at OSC  
 8: Optical Metrology at OSC  
 
History of OSC 
 
OSC grew out of a national need for more highly trained engineers and physicists 
in the optical sciences. (Recall that the laser was developed in 1960.) Throughout 
its 50-year history, OSC has grown and evolved in response to the changing needs 
for trained optical scientists and engineers. The evolution of the core course 
education also evolved from topics that were of current interest in industrial and 
military applications. However from its very beginning, OSC was conceived to 
cover the full range from optical engineering and applied optics through optical 

xi
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physics.  Initially, only MS and PhD degrees were offered, but eventually, the Center 
grew to become a College within the University of Arizona, which now offers an 
ABET accredited BS degree in Optical Science and Engineering.  In addition, a very 
successful distance learning program for graduate degrees has been established.  
 
Astronomical and Space Optics at OSC 
 
This session first reviews the contributions of OSC to space optics, most notably 
instrumentation for the Pioneer Saturn/Jupiter and Pioneer Venus missions. The 
earliest programs at OSC involve the fabrication and testing of large optics. The 
development of the Multiple Mirror Telescope in the 1970s revolutionized the design 
of astronomical telescopes. OSC and the Steward Observatory Mirror Laboratory 
continue their collaboration in the manufacture of large astronomical mirrors. The 
classic polishing techniques have given way to advanced computer controlled 
machines and highly engineered polishing laps. New measuring methods 
developed at OSC have enabled accurate metrology of steeply aspheric 
surfaces, both concave and convex, as well as off-axis segments of these aspheres. 
 
Optical Engineering at OSC 
 
These presentations review OSC’s valuable accomplishments in both teaching and 
research in optical engineering, covering the spectrum from the infrared to visible 
engineering applications. Particular attention is paid to the significant contributions 
in optical design and aberration theory. Presentations included the development 
of key mathematical formulism that take the understanding of optical aberration 
theory in entirely new directions. Computer-based optical design and optimization 
is followed from the overnight runs on the University mainframe computer to 
today’s PC and laptop environment allowing a fast and flexible design process.  
 
Quantum and Nonlinear Optics at OSC 
 
This session traces the development of quantum optics, from the vibrant theory 
community founded by Scully and Lamb to more recent advances in single- and 
multi- atom quantum control, and their integration into a novel atom-light quantum 
interface. The semiconductor quantum optics group discusses the work being 
done with planar micro-cavities, including VCSELs, photonic crystal cavities, and 
other III-V material structures. Other recent research is being conducted on the 
effects of intense, ultrafast interactions of light with media, encompassing extreme 
nonlinear effects ranging from the creation of light filaments to many-body 
interactions between electronic carriers. 
 
Imaging at OSC 
 
This session covers many aspects of the historical development of imaging and 
image science at OSC as well as selected current research topics. Several themes 
emerge. One is the close relation between OSC and the Department of Radiology, 

xii
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and how it drove new programs, new grants and new faculty hires. A second, and 
rather obvious theme, is the dramatic impact of computer technology on imaging. 
Through the mid-1980s, many students and faculty at OSC developed clever 
analog computers to overcome the limitation of digital computers of the day, but 
then OSC began leading the development of parallel computers and their 
application to imaging. In papers at this session we heard how modern computer 
power can be integrated into systems for molecular imaging and compressive 
sensing. 
  
A very early development at OSC was methods for measuring and predicting 
image quality in terms of the scientific or medical goals of the imaging. This made 
possible a true science of imaging, with established experimental methods and 
theories with testable predictive power. Today, Image Science is one of four tracks 
in the PhD program at the College of Optical Sciences, and approximately twenty 
graduate courses are offered in this area. 
 
Optical Instrumentation at OSC 
 
Over the past 50 years, a large number of optical instruments have been 
developed at OSC for a myriad of applications. This session reviews a sampling of 
different instruments developed in recent years, including imaging spectrometers 
and polarimeters, optics for soft x-rays, as well as wearable augmented reality 
displays.   
 
Photonics at OSC 
 
The photonics program at OSC began in 1984, focusing on the development of 
femtosecond laser sources and their use in investigating semiconductor carrier 
dynamics. The program later expanded into organic photonics, fiber lasers, vertical 
cavity surface emitting lasers, nonlinear photonics, and optical communications, 
among other areas. Photonics has been critical to the growth of the Internet, which 
currently carries tens of exabytes per month via optical fiber. The future growth of 
information technology, including the transmission and processing of vast amounts 
of data (thousands of exabytes per month over optical fiber), will require a new 
class of photonic devices that readily integrate directly with semiconductor circuits 
and processors. Nanophotonic materials and devices, such as nanophotonic 
polymer materials and electro-optic polymer/silicon nanowire modulators, will 
enable us to meet these extraordinary requirements. 
 
Optical Metrology at OSC 
 
Every science requires a metric to establish quality, and this session discusses various 
methods developed at OSC to measure surface quality and optical properties, 
essential components of the applied optics. A major thrust of this work is the 
development of the technology of phase-shifting interferometry. The development 
of the Shack-Hartmann wavefront sensor had a tremendous influence on 

xiii
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ophthalmic optics.  Scattering measurements and scattering properties of optical 
surfaces and materials were discussed in terms of developments being made at 
OSC. Finally, recent work in the use of interferometry to characterize ophthalmic 
components and the human eye are reviewed.   
 
The College of Optical Sciences thanks SPIE for the gracious support provided in 
hosting the conference and making possible the publication of this special 
Proceedings volume. 
 
 

Harrison H. Barrett 
John E. Greivenkamp 

Eustace L. Dereniak 

xiv
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