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OPTICS 
at 

GEORGIA TECH 
D. C. O'Shea 

and 
W. T. Rhodes 

Rhodes (left) and O'Shea inspecting an 
Atlanta dogwood tree through a solar reflec
tor array mirror. The aberrations are, we 
presume, in the mirror and not in the 
authors. 

Far from the optics shops of the San 
Francisco Bay area, the brick factories 
of the Northeast optics establishment, 
and the electro-optics community of 
southern California, there is an insti
tution that is producing intelligent, 
trained professionals in the field of 
applied optics. Its students have com
plained of jet lag after their plant trips, 
and more than a few have bemoaned 
the fact that so little in optics is avail
able near their home of the last few 
years. Their home is the Georgia Insti
tute of Technology in Atlanta, Georgia, 
and their training comes from a unique 
blend of physics and electrical engi
neering courses. 

It often comes as a surprise to inter
viewers of Georgia Tech students today 

that Tech offers such a wide variety of 
courses in the optics area (see Table 1). 
Georgia Tech has long been respected 
for its programs in engineering and the 
sciences, but only recently has it begun 
to acquire a reputation in the field of 
optics. Little more than 10 years ago, 
Georgia Tech offered only two courses 
in optics, an undergraduate physics 
course in classical optics and an under
graduate electrical engineering course 
in illumination design. Since that time, 
optics course offerings have grown to 
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number 18, including graduate as well 
as undergraduate courses. 

We are not about to challenge the 
hoary old (50 years, this year) Insti
tute of Optics at the University of 
Rochester or its younger western 
counterpart, the Optical Sciences Cen
ter at the University of Arizona. We 
are, in fact, not attempting to dupli
cate the missions of these two institu
tions, but rather to carve out a special 
place in the field of optics. Our mis
sion, as we see it, is the training of 
bachelor's, master's, and doctoral stu
dents in physics and electrical engineer
ing with an emphasis on modern optics. 

This objective was not arrived at in 
one session or meeting of Tech faculty, 
but rather it became apparent after a 
number of courses and program ele-
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TABLE 1. Optics-Related Courses at Georgia Tech 
Physics Joint Electrical Engineering 

Geometrical Optics 
Optical Instruments Lab 
Physical Optics 
Advanced Optics Lab 
UV Spectroscopy 
Scientific Photography 

Optical Design 
Optical Fabrication 
Contemporary Optics Seminar 
Special Problemsb 

Principles of Opticsa 

Laser Physics 

Illumination Engineering 
Optical Engineering 
Fiber Optics 

Fourier Transform Theorya 

Fourier Optics & Holographya 

Integrated Opticsa 

Electro-Opticsa 

Special Problemsb 

aGraduate-level course. 
bX = number of credit hours. 

merits were introduced over the past 
decade. It is this slow, deliberate culti
vation that has marked the Georgia 
Tech effort, rather than a forced, hot
house growth. This, we believe, makes 
a difference in the perceptions and atti
tudes of both the faculty and students. 

Faculty interested in optics as it re
lates to research and as a means of 
challenging students have introduced 
courses in a number of different areas. 
Some of us, seeing holes in this infor
mal curriculum, set about to plug 
them and expand the program of 
study. Because of the interests of the 
faculty involved, the strength of the 
optics program begins in the under
graduate curriculum in the School of 
Physics and shifts gradually and natu
rally toward the graduate program in 
the School of Electrical Engineering. 
In what follows, we first describe the 
undergraduate program, then the pro
gram of graduate studies and the 
optics-related research being done on 
the Georgia Tech campus. Finally, we 
present some of the problems faced by 
a growing optics program. 

THE UNDERGRADUATE 
PROGRAM 

A fairly complete description of the 
undergraduate program in optics in the 
School of Physics can be found in Stan 
Ballard's column, "Optics in the Uni
versities," in Applied Optics.1 Briefly, 
the curriculum consists of two basic 
optics courses, one in geometrical op
tics with an accompanying optical-
instruments laboratory, the other in 
physical optics with an accompanying 
advanced-optics laboratory. Both labo
ratories stress the necessity of good 

record-taking and notebook format. 
The advanced-optics laboratory con
sists of a series of three-week experi
ments in such fields as Fabry-Perot 
interferometry, grating and prism 
spectrometers, spatial filtering, char
acteristics of phototubes, radiometry 
and photometry, holography, fiber op
tics, light modulators and communica
tions, and laser-beam scanning. 

The course that has been the cata
lyst for much of the departmental 
collaboration in optics education is 
one on lasers and their applications.2 

After separate offerings of this course 
in the two schools, the authors of this 
article felt that the content and objec
tives of their laser courses were so close 
that it was foolish to duplicate them. 
Thus the courses were formally pro
posed to the curriculum committee of 
the Institute as a course listed as both 
a physics and an electrical engineering 
course. One of the benefits that arose 
from the course was a new textbook 
on lasers for undergraduate students.3 

The text, which was written jointly 
with Russell Callen, also of the School 
of Electrical Engineering, has been used 
at nearly 100 institutions in the United 
States. The enrollment in this elective 
course began with 27 students in 1971 
and has climbed steadily to an enroll
ment of over 100 this spring. This 
semiannual course is team taught 
by one physics and one electrical engi
neering faculty member. The students' 
response to the course has been quite 
good. Former students drop in often 
to tell us about new applications and 
to get additional information. 

Individual faculty interests in the 
School of Physics have resulted in 

courses on the scientific principles of 
photography and on vacuum-ultraviolet 
spectroscopy.4 It was recognized that 
these courses alone did not constitute 
a well-rounded curriculum in optics. 
For this reason, undergraduate courses 
in optical design and optical fabrica
tion were instituted. These additions 
were developed with the help of a Na
tional Science Foundation equipment 
grant for the laboratory instrumenta
tion. The optical design course began 
as one based on Warren Smith's Mod
ern Optical Engineering.5 As a result 
of a series of short courses on laser 
system design at the University of Wis
consin taught by one of the authors 
(DO'S), the topics on Gaussian-beam 
propagation, scanning, modulation, 
and modern methods of detection 
have been added at the expense of 
such topics as colorimetry (sorry, fel
lows, we can't do everything). The 
notes being generated for the course 
will serve as the basis for a textbook 
on modern optical design.6 Students 
are encouraged to program thin-lens 
and paraxial-ray-trace equations on 
calculators. An introduction to the 
use of professional ray-trace programs 
is provided by solving problems with 
Genesee Computer's COOL/GENII 
program, made available to us for edu
cational purposes on the Institute's 
CYBER 7600 computer. Students are 
able to choose interactive or batch 
modes, depending on their inclination, 
patience, and persistence. 

In conjunction with the optical-
design course, there is an optical-testing 
laboratory consisting of experiments 
using a Hartmann pattern to display 
and measure aberrations, an Ealing 
EROS modulation-transfer-function 
analyzer, resolution chart tests, and a 
Schmidt telescope for alignment and 
testing. These lab experiments are in a 
state of flux, with revisions and intro
ductions being made each time the lab 
is given, to produce as many useful 
testing situations as possible under the 
constraints of our limited lab equip
ment. Scrounging to complete the set
up is encouraged—and necessary. The 
Schmidt, for example, was part of a 
TV projector system picked up at the 
state surplus agency. 

For the optical-fabrication labora
tory, we use Military Handbook 1417 
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as a textbook since there is no better 
exposition and illustration of thin-film 
computation to be found. The next 
time the course is taught we will also 
have the advantage of the Genesee 
Computer thin-film computation pack
age. Besides being introduced to thin 
films in class, the students perform a 
number of thin-film depositions rang
ing from single-layer antireflection 
coatings to 5 and 7 quarter-wave-layer 
reflectors using reflection-monitoring 
devices. In the last week of their five-
week stint in vacuum deposition, the 
students deposit a structure of their 
own design. During the other five 
weeks of the lab, the students learn to 
grind and polish lenses. With the able 
guidance of adjunct professor David 
Fuller, the students have produced 
creditable batches of small (2.52-cm-
diameter) lenses. Because of the lack 
of curve-generating equipment, curves 
must be kept fairly shallow to permit 
a rough grind to be achieved within 
one 6-h lab period. On the whole, our 
students come away from the lab pe
riod with a feel for fabrication of op
tics in two major areas of the field. 

The seminar on contemporary op
tics is intended for students in their 
senior year to give them an acquaint
ance with a number of fields of optics 
and to improve their ability to com
municate. Each student is assigned a 
field of optics for a two-week period. 
During the first week, he or she pre
pares and gives a short talk on some 
basic concepts in the field. The stu
dent is encouraged to use the black
board or an overhead projector (no 
more material than can be contained 
on two acetate pages!) for the presen
tation. During the second week the 
student gives a report on a recent de
velopment in the field. This two-week 
sequence is repeated four times during 
the quarter. In this manner, a wide 
range of subjects can be covered in a 
one-quarter course. In addition, the 
instructor evaluates both the oral pre
sentation and a written report (for 
grammar and clarity) on the assigned 
field. Many undergraduates take a 
special-problem course in optics to 
broaden their skills. Recently, the 
problems have included investigations 
of the figure of stressed large-area solar 
reflectors, of the effects of visible and 

UV radiation on liquid-crystal ther
mometers, and the modification of a 
flying-spot scanner from an old CBS 
E V R machine. 

In the School of Electrical Engineer
ing, four courses in optics (including 
the laser physics course noted above) 
are taught at the undergraduate level. 
A recently introduced course on fiber 
optics emphasizes electromagnetic-
theory aspects of the topic, including 
an extensive discussion of the theory 
of the dielectric waveguide. The course 
begins with a broad overview of fiber-
optics technology and applications, in
cluding fabrication of glass fibers, mea
surement of transmission loss and 
dispersion, and system considerations. 
This course is often taught by part-time 
faculty from the Bell Laboratories' 
fiber-optics research facility in the 
northern metropolitan Atlanta area. 

The optical engineering course, de
scribed in detail in Ref. 8, is an inten
sive survey course given at the junior-
senior level. Its goal is to provide the 
students with a working knowledge of 
optics and optical systems as they apply 
to modern engineering problems. As is 
the case for the fiber-optics course, 
this course has as its prerequisite com
pletion of the electrical engineering 
undergraduate electromagnetics se
quence or its equivalent. Although 
taken primarily by seniors, the course 
also attracts graduate students inter
ested in a survey of optical systems 
and techniques. This broad-based 
course covers optical sources and mea
surements; image formation; wave op
tics; holography and optical data pro
cessing; various aspects of light and 
matter, including birefringence and 
electro-optic, magneto-optic, and 
acousto-optic devices; and optical de
tectors, displays, and communication 
systems. Fifty per cent of the course 
grade is based on a design-study term 
paper, which must cover both the the
oretical basis and the practical imple
mentation associated with a specific 
engineering application of optics. The 
paper allows for a needed in-depth 
study of a specific topic; class time can 
then be utilized on material of a de
scriptive or survey nature. Examples of 
term paper topics selected by students 
include: machine-readable optical 
codes, an amplitude-modulated optical 

flying-spot scanner, holographic non
destructive testing of vibrating objects, 
direct-viewing image intensifiers, atmo¬
spheric-pollution-monitoring system 
using a laser, security systems using 
LED's and lasers, and electronically 
controlled exposure systems. This 
course is quite popular, being taken by 
about 40 students per year. 

Many undergraduate electrical engi
neering students gain additional exper
ience in optics by taking special-project 
courses in the optics areas or by select
ing an optics-related topic for their 
required senior laboratory project. 
Electrical engineering students with a 
serious interest in optics will take the 
School of Physics' advanced optics 
laboratory course described above. 
Additional information on the School 
of Electrical Engineering's optics 
program is presented in Ref. 9. 

THE GRADUATE PROGRAM 

Graduate electrical engineering school 
courses in optics include integrated op
tics, electro-optics, and Fourier optics 
and holography. Special-topics courses 
in optics have been offered on a fairly 
regular basis, including courses on sta
tistical optics and on optical informa
tion processing. The electro-optics 
course, offered without prerequisite 
other than graduate standing, is taught 
from the second edition of Yariv's 
Introduction to Optical Electronics.10 

Topics covered in depth include 
electro-optic and acousto-optic effects, 
second-harmonic generation and para
metric oscillation, and electro-optic 
control of lasing action. The theory of 
optical resonators is covered, and se
lected examples of laser systems are 
studied. 

The course in integrated optics is a 
beginning-level graduate survey course 
whose goal is to provide students with 
a broad elementary knowledge of 
guided-wave optics, devices, and sys
tems. A detailed course outline is fol
lowed, which includes optical wave-
guides, fiber optics, grating diffraction, 
air-to-guide couplers, modulators, de
flectors, switches, thin-film compo
nents, light sources, detectors, inte
grated optical devices, systems, and 
fabrication. This course, like the under
graduate optical engineering course, 
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places great emphasis on a device- or 
system-oriented term paper. The term 
paper is deemed necessary to impart to 
the student a practical grasp of the in
tegrated optics fundamentals being dis
cussed in class and to provide a realistic 
opportunity for the students to prac
tice and improve their communication 
skills. This course is described in detail 
in Ref. 11. 

The graduate course on Fourier op
tics and holography, taught from 
Goodman's Introduction to Fourier 
Optics,12 is more analytically oriented 
than the above two courses and has as 
its prerequisite a basic course on the 
Fourier transform and its applica
t ions. 1 3 The latter course, although 
not in the optics curriculum per se, is 
strongly recommended to all students 
with an interest in optics. The Fourier 
optics course, which covers, from a 
linear-systems-theory standpoint, basic 
diffraction theory, the Fourier-trans
forming property of lenses, coherent 
and incoherent imaging, spatial filter
ing, and holography, is regularly taken 
not only by students whose interests 
are in the optics areas but also by stu
dents interested in signal processing 
and communication theory. 

There are no formal laboratory 
courses in the graduate electrical engi
neering curriculum. However, master's 
and doctoral degree candidates fre
quently take special project courses, 
often in areas related to ongoing grad
uate research programs in optics. 

In the physics school, the only 
graduate course offered on a formal 
basis has been one based on Born and 
Wolfs Principles of Optics,14 covering 
the electromagnetic field, geometrical 
theories of optical imaging and aberra
tions, diffraction theory, and coher
ence. A number of special problems 
for graduate students have been under
taken. Most of these have been quite 
productive, resulting in designs and in
struments that were used after the proj
ect was finished. Graduate students in 
the physics school's applied optics 
track take the graduate mechanics, 
electromagnetism, thermodynamics, 
and quantum mechanics core courses. 
Although no thesis is required, the 
optics content leans heavily on the 
laboratory-based special problems. 
Those students who have not had 

Students Mike Rodgers and Lynn Deibler have to squeeze all the necessary components inside 
this 46-cm bell jar for vacuum deposition of dielectric films. In addition to the substrate holders 
visible in the photo, there is a reflection-monitoring system for controlling film thickness. 

Jim Vetter watches over some rough grinding being done on an old surplus 
Dama polisher. 
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courses in physical optics, optical de
sign, or optical fabrication (a likely 
prospect) take the undergraduate 
courses described above. 

RESEARCH 

Although research on Raman and 
Brillouin spectroscopy is conducted 
in the School of Physics by one of the 
authors (DO'S), a formal research pro
gram in optics within this school is 
some way off. In the School of Electri
cal Engineering, there are five full-time 
faculty whose principal areas of re
search are optics-related. The most ex
tensive research programs are in the 
areas of optical information processing 
and optical data storage. Thomas K. 
Gaylord has conducted extended theo
retical and experimental studies of vol
ume holographic data storage in 
electro-optic crystals and is currently 
investigating numerical optical process
ing techniques and systems. The other 
author of this paper (WTR) is an active 
researcher in the areas of image forma
tion and hybrid optical-electronic sig
nal processing and is currently investi
gating methods for ultra-high-speed 
and adaptive image processing. Re
search in electro-optical systems and 
nonlinear optics is conducted by W. 
Russell Callen. Other research efforts 
in the electrical engineering school 
center on metal vapor lasers, under the 
direction of T. Max Artusy, and fiber 
optics, under the direction of John P. 
Uyemura. 

Optics or optics-related research is 
conducted in several other units of the 
Institute as well. The largest effort is 
at the Engineering Experiment Station, 
where a staff of six, under the direction 
of J. W. Dees, is engaged in electro-
optics research. Recent programs in
clude the development of new devices 
that include a fiber-optics detector 
consisting of 89,000 fibers in 168 con
centric rings, an experimental image-
forming light modulator, a coherent-
light scanner for pattern analysis, an 
electronics target signal generator, and 
an infrared target and jammer simula
tion system. The Experiment Station 
has also conducted studies of electro-
optic materials technology, atmo
spheric influences on far-infrared laser 
signal transmission, and cost effective-

Scott Fortenberry adjusts a carbon-arc lamp that is used as a solar simulator for 
testing radiation effects on liquid-crystal thermometers (strips mounted on card
board). 

It is a far cry from walking around a polishing lap to using these 14" Strasbaugh 
polishers, but the increased speed, automatic slurry speed, and pressure controls 
allow a student (here Cliff Luty) to control many more variables during the polish
ing process. 

ness of an infrared missile launch-
detection system. 

In the School of Chemical Engineer
ing, Ajit Yoganathan is studying the 
flow of fields in polymer solutions and 
melts as a function of entrance and 
exit geometries using one-color laser 
Doppler anemometry. He is also apply
ing this technique to understanding 
the fluid dynamics around tissue and 
synthetic heart valves. In the School of 
Engineering Science and Mechanics, 
stress-analysis studies are performed by 
Donald G. Berghaus, using scattered-
light photoelasticity. Major facilities 
for light-scattering analysis of soot 
particles are currently being developed 

in the School of Aerospace Engineer
ing by J . Jagoda. 

In the School of Chemistry, research 
under the direction of James Gole is 
concerned with a variety of optics 
applications. Several experiments are 
oriented toward the characterization 
of high-temperature systems using 
laser-induced excitation and photo¬
luminescence spectroscopy. Dr. Gole's 
group is also concerned with high-
temperature dynamic processes leading 
to visible chemoluminescence and their 
potential application to the develop
ment of visible chemical lasers. This re
search has brought forth several im
provements in laser components, the 
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Horace Seymour adjusts a Hartmann disk for Scott Fortenberry during an experi
ment to measure aberrations for a simple uncorrected lens and then for a corrected 
multielement lens. 

Gary Thornton performs one of several modulation-transfer-function scans on a 
lens. The x-y plotter shows several curves for a single lens with varying aperture 
size. 

most important being a three-stage 
birefringent filter that tunes smoothly 
over the entire visible region (440-
670 nm). 

CONCLUSIONS AND PROSPECTS 

If there are problems with our optics 
program, they are problems of too few 
students and the continuing need to 
revise and upgrade existing facilities. 
Both on and off campus, the applied 
optics program is nearly invisible to 
students.1 5 There is a need to let stu
dents and high school science teachers 
know that these opportunities exist. 

Like many other academic institu
tions, we have difficulty producing 
state-of-the-art experiments for special¬

project students. Through good luck 
and with small amounts of money 
from the instructional budget, we have 
been able to set up experiments in the 
areas of scanning and modulation. In 
the areas of fabrication and testing, we 
have some instrumentation for mean
ingful instruction, but we need to de
velop better projects and experiments. 
There are other areas, such as align
ment, in which we lack the tools to go 
beyond simple wedge-angle measure
ments of prisms and étalons. These 
limitations are remedied in part by dis
cussions with those outside practicing 
these arts and in part through dona
tions from industry of older but usable 
versions of today's instrumentation. 

We welcome any help that can be given 
to make our student laboratories more 
relevant. 

If there is anything that gives us 
pleasure in connection with the pro
gram, it is the success our students 
have had in their employment after 
graduation. When an employer tells us 
of the responsibility a former student 
of ours has taken on, it makes the 
spadework of these last few years 
worthwhile. Our students call us, write 
us, and tell us they have good jobs and 
enjoy what they are doing. When a for
mer student excuses himself or herself 
at a poster session at the OSA meeting 
to hear a paper, we can be justly proud 
of the professional attitude he has 
gained from his competence in optics. 
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