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ABSTRACT

The UD Electro-Optics Graduate Program offersthe M.S. and Ph.D. degrees. Itisan interdisciplinary program between the
Electrical and Computer Engineering Department and the Physics Department and is designed for students withaB.S. in
either of these fields. In order to strengthen skills in applied optics, optical measurement techniques, photonics and data
acquisition and analysis methods, arequired three-course laboratory sequence wasdesigned. Thefirst courseinthefall term
has seven basic optics projects that include focal length measurements, lens systems, radiation detection, polarization,
interference, near and far field diffraction, interferometry and coherence. Thefirst half of the second course, given in the
summer term, coversfiber optics and fiber optical systems. Inthe second half, the students propose, design, construct, test
and report on an electro-optical/photonics system. Thethird courseinthefall term has five advanced projects on the topics
of optical spectroscopy, holography, characterization of lasers, laser Doppler velocimetry and optical pattern recognition.
Details on the design of these courses are presented along with examples of student work and the results of student
evaluations and responses to the lab program.
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1. INTRODUCTION

Around 1980, several members of the Physics Department of the College of Arts and Sciences, the Electrical Engineering
Department of the School of Engineering and the University of Dayton Research Institute (UDRI) started serious
conversations about forming an interdisciplinary academic program based on the optics strengths of these two academic
departmentsand UDRI. Thisideahad been discussed for several years. These strengthsincluded more than adozen Ph.D.
faculty and researchers experienced in awide range of opticsand optics-rel ated fiel ds plus several million dollarsof funding
inthesefields. 1n 1981, the University of Dayton (UD) announced an Advanced Technology Challenge Grant initiative and
request for proposal sto stimul ate the devel opment of anew technology graduate program with an award of $300,000 startup
funds. A committee of ninefrom the above organizations wasformed to prepare the proposal. Thiscommittee set downthe
following goals for the proposed program: 1) The program should be an applied science and engineering program based in
the School of Engineering. 2) The proposed program was entitled Electro-Optics (EO) to emphasize the joining of the
Electrical Engineering and Physics academic departments with UDRI into an interdisciplinary graduate program. 3)
Although the first phase of the program wasto offer the Masters Degree, the program must lead eventually to the granting of
the Ph.D. degree; 4) Except for certain rare cases, athesis would be required of all Masters degree candidates. 5) In order
that the graduates from this program have areasonabl e exposure to hands-on optics, optical devicesand systems, photonics,
electronic dataacquisition, and data processing and analysis, asupervised, three-laboratory course sequence was proposed to
be anintegral part of the core program. The proposal for an Electro-Optics Graduate Program won the award in 1983. The
last goal given aboveisthe subject of this paper.

The EO Program has granted 151 M.S. degrees since 1984 and 16 Ph.D. degrees since the inclusion of the Ph.D. degreein
1994. All graduates have gone through the three-lab sequence. Almost without exception, these graduates have responded
positively to this lab program. The most common complaint is that the large amount of time required to complete the
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projects does not seem reasonabl e in terms of the one-credit-hour alotted for each lab course. Theresponse usually givento
this complaint is that any lab course provides a student with the opportunity to develop their eye-brain-hands skills in
applying the knowledge gained in the classroom and book studiesto designing,, building and making thingswork inthereal
world. The development of these skillsisapersonal matter different for every student that involves very little new academic
material and, as such, does not warrant additional academic credit. A supervised academic laboratory courseisauniqueand
safe environment for students to explore and sharpen their skills and competency in their chosen field of study. Typicaly,
the gain in value that students experience from a supervised lab courseis related to the investment of effort and time they
dedicate to the coursein much the same way as compound interest works. Theselabsare mildly structured to ensurethat the
efforts of the students have the greatest opportunity for successful experiences and learning. By supervising these labs, we
can effectively challenge the students to develop their self-learning and error-correcting skills.

From the teaching viewpoint, offering three graduate | abs requires considerable commitment and organization. Each course
is made up of a set of projects that are assigned to all students. These projects have specified goals that give the students
exposure to awide range of experiencesin many optics areas including optoel ectronics and photonics as well asto optical
techniques, electronic instrumentation, data acquisition schemes and data analysis techniques. Each project allows the
student to see how the appropriate theory is applied to areal situation and an opportunity to compare measurements and
observationsto cal culations based on theoretical models. Within eachlab course, the studentsaretypically rotated among the
projectsin a scheduled manner based on the number of students. Since teamwork isan important part of the lab program,
student groups typically of two or four students each are arranged at the beginning of each course.

The EO Program Graduate Laboratory facility consists of six lab rooms and a supply/computer room all connected by a
hallway. Three of thelab rooms have 4 ft. x 8 ft opticstablesfor projectsrequiring large areas and the remaining three labs
have 3 ft x 4 ft opticstables. All labs have workbenches with drawers and cabinets. Each of the labs can be closed off to
achieve areasonable degree of darkness. Typically, in each of the three lab courses, there are four to six different projects
running simultaneously. Sincethelab coursesare staggered over the calendar year so that only one courseis offered in any
given term, thisarrangement makes only modest equipment demands for maintai ning thelab program. Moreover, sinceeach
course has alab procedure manual, the short-term burden on the instructor of each courseisfocused on getting the students
started on each project and providing guidance when a particular group hasdifficulties. Thelong-term burden isequipment
repair and replacement, updating projects and the manual, computer maintenance and software upgrade.

The three-lab sequence consists of the Geometrical and Physical Optics Laboratory, offered in January, the Electro-Optics
Systems Laboratory, offered in May, and the Advanced Electro-Optics Laboratory, offered in August. For a student
matriculating in August, the lab sequence starts in the second term (January) of the student’s first academic year. This
arrangement provides the students with the essential first-term courses of Geometrical Optics, Optical radiation and Matter,
and Linear Systems and Fourier Optics before starting the lab sequence. Concurrent with the first lab course, the student
takesIntroduction to Lasers, Electro-Optical Devicesand Systems, and Guided Wave Optics. The second lab course, offered
in the summer term, consists of fiber optics projects during the first half of the term and independent group projects during
thelast half. Thethird lab course, offered inthefall, isaset of five two-and-a-half-week, open-ended projectsthat give the
students experience in learning how to apply their knowledge and the experience gained in the previous two lab courses to
build up a project from scratch that is new to them and to achieve meaningful results. Throughout these lab courses,
teamwork isemphasized not only between the members of within each group, but also betweenthegroups. Inthethirdlab, it
isageneral principlethat agroup who hasaready done aparticular project isthefirst resourcefor agroup that isjust starting
that project. Moreover, the students are encouraged to share their datain instances where a particular group was unable to
acquire good datafor aparticular project, of course, with stated credit to the sharing group. Thelab courses haveavariety of
types of assigned tasks ranging from formal written reports to detailed theoretical calculations and computer modeling.

Other issues such as neatness, responsibility for equipment, sharing of the work load, ethical behavior (honor code), polite
demeanor and regular attendance are discussed and expected of all students. The following sections describe in some detail
the content of each of the threelaboratory courses with some exampl es of student work. Thefinal section givestheresultsof
asurvey of EO graduates and an assessment of the three-lab sequence.

2. THREE-LAB SEQUENCE

2.1 Geometrical and Physical OpticsLaboratory
During this course, each student performs seven projects. These projects were chosen to explore topics covered in thefirst-
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term lecture courses of the core program and to develop the basic skills required for designing, setting up and carrying out
optical projects. The projects are as follows:

1) Determination of the focal lengths of two lenses by six methods

2) Characterization of simple lens systems - the beam expander and the relay lens system

3) The Airy disc and Fraunhofer diffraction - the diffraction limit, single and double dlits and spatial filtering
4) Detection of radiation - silicon photodiodes and lock-in detection

5) Fresnd diffraction by a opague, narrow obstacle and a dlit

6) Polarized light - polarizers, birefringent materials, wave plates and Brewster’s angle

7) Interferometry and source coherence measurements using a Michelson interferometer

Before undertaking each project, each student receives adescription of the problem. Each project requirestwo classsessions
to complete (one scheduled session per week) and a report describing the work is submitted one week after the second
session. To make optimum use of laboratory time, students are expected to read over the project description and to organize
their thoughts concerning the required procedures and background before the beginning of the laboratory session.

Each student is expected to keep alab notebook and all pertinent information concerning the projectsisto berecorded inthis
notebook. This includes alist of the equipment used, the procedure followed, the primary data taken, calculations and
results, pertinent observations and interpretation of data.

Thereports on which the course grade depends consist of amaximum of five pages of text plusgraphs, tables, diagrams, etc.
The outline of the report includes:

1) Short introduction to the problem
2) Brief discussion of the theory

3) Description of the procedure used
4) Presentation and analysis of results
5) Conclusions

2.2 Electro-Optics Systems L aboratory

The intent of this course is to provide the student with the opportunity to explore the basic elements of fiber optics and
experimental optical systems and technology. To this end, the course is divided into two major activities of concentrated
study. Inthefirst half of the summer, student groups perform the various projects outlined in the “ Projects in Fiber Optics
Applications Handbook” provided with the Newport Fiber Optic equipment kits." In the second half, student groups perform
a demonstration level experimental "mini-project” of their choosing. This consists of independent project-oriented
investigations of electro/fiber-optic/optoel ectronic systems and devicesin general, which include sources, detectors, image
processing, sensor instrumentation and integration, electro-optic components, display technology, and nonlinear optical
devices and systems.

Each student maintains a lab notebook that documents the student’s efforts in carrying out the projects and the results
obtained from the fiber optic kit projects aswell as providing evidence of the student’ sindividual participation and effortsin
the group mini-project. Additionally, the students prepare pre-lab write-ups before attempting any fiber optic kit project and
before beginning the group mini-project. These graded write-ups identify the essential goals, procedures and equipment
necessary to perform a given project and include any required preliminary calculations.

2.2.1 Fiber Optics Projects

The Newport fiber optic kit has following projects:
1) Handling Fibers, numerical aperture
2) Fiber attenuation
3) Single-mode fibers|
4) Single-mode fibers |
5) Coupling fibers to semiconductor sources
6) Connectors and splices
7) Components for fiber communication
8) Fiber optic communication link
9) Multimode intensity sources

10) Single-mode interferometric sensors
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Each group has accessto one of the three fiber optics project kitsfor six weeks. Each kit containsadifferent set of projects.
At midterm (about six weeks into the term), primary access to each kit is exchanged among the groups to insure that all
groups have appropriate opportunity to do all projects. All of the above projects, with the exception of project 6, are carried
out and recorded in the laboratory notebook.

2.2.2 Experimental mini-project

Theinstructor assiststhe studentsin identifying acceptable projects, if necessary. Themini-project may investigate any facet
of electro-optical engineering or the optical sciencesof interest, yet should generally be designed so asto demonstrate either
results presented in arecently published technical journal article or textbook principlesnot demonstrated aspart of aprevious
laboratory course. For this course, the students divide themselvesinto groups of two to four students each. Each groupis
required to submit for grading a proposal and summary of their mini-project for which the students are jointly and severally
responsiblefor the preparation. The studentsin each group receive the same gradefor the mini-project. All mini-projectsare
performed on the University of Dayton campus using University equipment. At the end of the summer, each group is
reguired to demonstrate their mini-project to theinstructor and the class. Thisdemonstrationisnot formal or elaborate, butis
intended to communicate the project and show theresults. Visua aidsare encouraged. In addition, amini-project summary,
not to exceed ten pages, is also due at thistime.

2.3 Advanced Electro-Optics Laboratory

2.3.1 Course design and goals

Thislab course consists of five projectsthat each group carries out over two and ahalf weeksinthefall term. These projects
requirethat the students study avariety of topicsand develop skillsfor working with arange of optical elements, electronic
equipment, lasers, methods of data acquisition and data analysis schemes. This course isintended to provide the students
with learning experiencesthat utilize much of the academic material covered since starting the EO Program. It ishoped that
they will bring the abstract knowledge gathered from the lecture courses into real-world observations and measurements.
Technique and skill development are necessary parts of thisprocessthat, although guided by theinstructor, arethe student’s
responsibility. Thelearning curves of the students vary widely and are time-consuming, which resultsin students needing
considerably more time to carry out a given project than one or two afternoons, which students soon learn. The instructor
meets formally with the lab class for an afternoon once each week and isavailable for consultation during other timesto the
extent possible. For the first 30 minutes or so, each group presents their current results to the class. This provides
opportunity for discussion and instructor input. Efficient and generous communication between students and between
instructor and students hel p to minimize the time expenditure on any particular project. Teamwork, sharing and opennessis
encouraged in order to enhance free exchange of experience, knowledge and questions among the students.

The primary guidelinesfor designing thislab course werethe following: 1) Lab projects should be reasonably self-contained
and somewhat open-ended with some well-defined measurement goals. 2) Projectsshould providethe studentswith avariety
of areasto explore. 3) Each group should have the opportunity to successfully use an optical-electronic system that was set up
by a previous group. 4) Students cannot possibly be exposed to every facet of the fields of optics, electro-optics and
optoelectronicsin thislab course. 5) The projects should give students the experience and confidence that they can come up
to speed on any el ectro-optic arearegardless of whether or not they have worked directly with that areain the EO Program.
6) The students should learn how to absorb not only knowledge and technique from reference materials, but also from
coworkers. 7) The subject matter of the projects should relateto real, applied situationsthat occur inindustrial, commercial
and/or governmental organizations. These guidelines can be satisfied by a wide variety of project choices. The projects
described below represent one set of choicesthat meet the above guidelines even though they were set up at the beginning of
the EO Program in 1983. Thisissueis further discussed in the Conclusions Section.

A lab manual and the accompanying handouts provide procedural guidelinesthat range from afew paragraphsto step-by-step
descriptions. It was intended that the projects be somewhat open-ended. In other words, the students must fill in some
details that are not provided by the manual. They do this by talking to other students or the instructor. Discussing
techniques, trouble-shooting and following verbal instructions are the skills developed here. These projects are not
"cookbook™ in that there are many detail s and procedures which require background reading and devel opment by the student.
This reading and development for all projectsis each student’s responsibility the evidence of which shows up in the lab
notebooks of the student groups.

Each group records all pertinent information, plots, photos, computer programs and data, etc. for all projectsin athree-ring
lab notebook, which is graded at the end of theterm. All textual and tabular material isto be written either inink or with a

Proc. SPIE Vol. 4588 283



word processor (preferred). Each student is expected to select a topic for a paper study for which a formal proposal is
written. Thistopic is selected in consultation with the instructor and no two students in the lab class can chose the same
topic. Thetopicsgenerally arein someway related to the projectsinthelab course. Thereisno experimental work donefor
these studies. Following thereturn of the graded proposal, the students writeformal reportson their topics, which are graded.
Thelengthsand formats of the proposal and the report are givenin somedetail. Thegoal of thisactivity isto expose students
to proposal and report writing on topics that are somewhat new to them. At the end of the term, each student gives a 10
minute formal presentation (viewgraph or computer) on their topic to the class and instructor.

2.3.2 Project goals and tasks

Optical spectroscopy:

1) Learn to use the processor-controlled grating spectrometer.

b) Learn to use the A/D computer data acquisition system and software.

2) Learn to use the photomultiplier detection system and the data acquisition system with the scanning
spectrometer to obtain undistorted spectra.

3) Record and analyze the emission spectrum of alow pressure Hg lamp and identify the buffer gas.

4) Record and analyze the lasing and spontaneous emission spectra from a He-Ne laser.

5) Record and analyze the emission spectrafrom a diode laser below, at and above threshold.

6) Record the absorption spectrum of a crystalline laser material. Calibrate, do background normalization and
determine the integrated cross sections of the recorded groups of absorption lines. Compare to published
data.

Holographic techniques:

1) Review the theory of holography and learn how to make holograms. Determine exposure times using a
calibrated power meter and the given sensitivity of the recording medium.

2) Record and demonstrate a single-beam hologram.

3) Record and demonstrate a two-beam (side band) hologram.

4) Record and demonstrate a reflection hologram.

5) Record and demonstrate double-exposure and real-time interferometric holograms.

6) Examine the influence of spatial and temporal coherence on the formation of the holographic image.

Application of interferometry - LDV:

1) Review laser Doppler methods of measuring velocity.

2) Align the optics to obtain suitable beat frequency bursts on a digital storage oscilloscope using
photomultiplier detection.

3) Measure the axial velocity profile of laminar water flow in a glass tube using laser Doppler velocimetry for
two flow rates.

4) Anayze the data and compare the observed profiles with the predicted profiles based on laminar pipe flow
theory.

Laser characterization:

He-Ne laser:

1) Review the characteristics of aconfocal cavity as applied to an optical spectrum analyzer

2) Computer record the mode spectrum and the mode drift using the spectrum analyzer and a digital storage
oscilloscope with an |EEE-488 interface.

3) Analyze the spacing and width of the mode data and compare to expected values. Deduce and calculate the
source of the mode drift.

Argonion laser:

1) Become familiar with the argon ion laser.

2) Measure the power performance of an argon ion laser and determine the slope efficiency, the “wall-plug”
efficiency and the threshold for lasing.

3) Computer record the beam profiles of an argon ion laser at four cavity lengths from the laser using a
pyroelectric linear array detector with the digital storage oscilloscope.

4) Determine the e widths of the beam profiles by fitting Gaussian functions to the recorded profiles.
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5) Fit the resonate cavity equation for the argon ion laser to the profile widths and compute the curvature of the
output coupler of the laser.

Pulsed/Q-switched Nd:Y AG laser:

1) Measure the energy performance and determine the slope efficiency, the “wall-plug” efficiency and the
threshold for lasing.

2) Measure the Q-switched pulse width versus input pulse energy and compare to theory

3) Record the non-Q-switched relaxation oscillations and compare to theory

4) Record and analyze the mode beating in the pul se using a high-speed digital storage oscilloscope

5) Review second harmonic conversion.

6) Measure the efficiency of second harmonic conversion using a Q-switched Nd:Y AG laser.

Optical pattern recognition:

1) Review optical pattern recognition

2) Align afrequency-plane-correl ator/matched-spatial -filter system and the determine the conditions for
recording a matched filter

3) Produce a Vander Lugt matched filter.

4) Set up and demonstrate the operation of the frequency plane correlator system using a CCD camera. Record
both correlation and convolution images.

5) Characterize the performance of the correlator system using a frame grabber and image processing.
Determine the threshold for correlation.

3. EXAMPLESOF STUDENT WORK

Each of the three lab courses provides the students with a variety of

opportunitiesto make precise measurements on some feature of or withan

electro-optical system. Theemphasisisgeneraly to matich upthetheory = 2.0

to the measurements either by direct calculation fromfirst principlesorby & 1 5|

nonlinear fit of thetheoretical expressiontothedata. Thesemeasurement =

and analysistasks are intended to help the student see how theory is used = 10

to characterize a series of measurements made on or with an optical ¢ o gf

system. Figure 1 showstheresults of the calculation and measurement of

the Fresnel diffraction pattern produced by along, thin obstacle of about oob—m—rl— A 1L

1.0 mm in diameter. In this case, the objective is to show how theory 2 1 positioon (mm) 1 2
directly predicts with reasonable accuracy the observed pattern. It also,

shows how the measurements may not reveal al the detail given by the Fig. 1: Diffraction around an obstacle. Upper
theory. This realization vividly brings out the issue of how the plot is measured and lower plot is theory.

measurements were made and points to the fact that to achieve good

agreement with theory requires attention to detail. Clearly the resolution of the scanin Fig. 1 was not adequate to show the
detail in the pattern in the measured data. However, it is also evident that the student was coping with a noise problem,
which would have been aggravated by narrowing the scanning aperture. Thus, the student had to deal with the classic
problem of signal-to-noise ratio versus resol ution and scan time.

Figure 2 isthe screen of the digital storage oscilloscope (DSO) obtained with the linear array detector on which the beam of
anargonion laser isincident. Thisscreen was uploaded to acomputer viathe |EEE-488 interface. Thestudent ischallenged
to extract the datafrom Fig.2. Students have done this simpl ly by measuring the height of each signal step witharuler ona
printout, by using the cursor functionsin agraphing program or by writing aprogram to extract the heights. Typical results
of the data reduction, curve fitting and graphing are shown in Fig. 3. (Students are encouraged to use Igor Pro, whichisa
powerful graphing and analysis software program.?) In this project, students use curve fitting to extract the 1/e® width of the
beam profiles. Thisprovidesbeam radius versusthe distance from the back mirror of the laser mirror cavity. Thismirroris
flat and, therefore, marksthelocation of the waist of the beam. Typically, the studentsrecord and analyze the beam profiles
at four distances to obtain the beam expansion function. Since the spacing of the cavity mirrorsisgiven, then the Gaussian
beam expansion function for this cavity can be fit to the observed function from which the curvature of output coupler isa
fitting parameter. This activity is intended to help the students see the characteristics of Gaussian beams by direct
measurement and to give them experience in modeling optical performance using nonlinear regression analysis.
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Fig. 2: Computer-recorded digital storage Fig. 3: Beam profile measured with alinear
oscilloscope display of an argon ion beam array of an argon ion beam at ~4 m from the
profile. rear cavity mirror. Thefilled circlesarethe

measured data and the line is the Gaussian fit.

The final example of student work is the application the Doppler
effect and heterodyning to measuring the vel ocity of fluid flow. In

this particular instance, water flow in a glass tube with a 1-cm @0'3

inner diameter is measured. Uniform pipe flow is established = 3

using a 75-cm long tube. The volume flow rate is set to insure % 0.2

laminar flow, which results in the classic parabolic transverse o

velocity profile. In this project, two beams split from the same So1

laser beam cross inside the tube. The light scattered from z

naturally occurring particles moving through the crossing volume 2

is collected via a lens, focused onto a pinhole and detected by a 0 ' —
photomultplier. Thetwo beamsinterfereto produce afringefield 0 2 4 6 8 10
in the crossing volume. Passage of a particle through this fringe Position (mm)

field ultimately produces a beat frequency within the scattered Fig. 4: Application of laser Doppler velocimetry
light profile of the particle, which is recorded on a DSO. The to pipe flow. The data are the solid circles and to
students must record sufficient data to obtain statistically valid lineisthe parabolic fit to the data.

average velocities across the diameter of the flow tube. The

measured velocitiesare shown in Fig. 4 aswell asthe parabolicfit

tothedata. The studentsare given reference material that allows them to compare their fit to theory and to the volume flow
rate measured with a calibrated ball-in-glass flowmeter. This project provides an example of an application of optical
techniquesto a practical measurement scenario that is often used in aeronautics and other fiel dswhere remote measurements
of gasor fluid flow velocity are needed. Thealignment of thisoptical system can berather tedious, which often inspiresthe
studentsto try to devise ways of accomplishing the alignment. One of the pointsto belearned in doing this project isthat to
make an optical technique work often requires thoughtful design and careful alignment with attention paid to details, suchas
polarization, relative amplitude of the beams, focus, spatia filtering and triggering level of the DSO.

4. SURVEY AND CONCLUSIONS

4.1 Survey

Since the beginning of the UD EO Program, students have responded positively to the three-lab sequence when asked for
their opinion and, of course, the usual course evaluations were mostly positive. Probably the most negative comments
typically concern the amount of timethat the labs required in comparison to the one credit hour assigned to thelabs. Usualy,
when the student understandsthat credit hoursare not intended to have alinear relationship with the amount of work required
for lab work as discussed in the Introduction, they accept what the lab program is providing for them in a positive way.

In order to document the reactions and opinions regarding the three-lab program, we recently sent out a simple survey by

email to the EO graduates. Although we had email addressesfor only about one sixth of our graduates (27), all of thesurveys
were returned. In addition, we asked for comments about the three-lab program. The survey was the following:
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Please respond with a number of 1 to 5 according to the following key:

1. Strongly agree; 2. Agree; 3. Agree with reservations; 4. Disagree; 5. Strongly disagree

The UD EO three-lab sequence 25 @)
(a) isadesirable feature of the UD EO Program 15+
(b) challenged you in a meaningful way 51 SRS —
(c) helped you to understand better the material covered in the lecture
courses 254 (b)
X — . o o : 154
(d) increased your confidence in finding and performing in your first EO i
job 5 ,._'._% L
(e) should be reduced to one or two structured labs 25 o
(f) should be replaced by an unsupervised, openlab 154 )
(g) should be discontinued and replaced by lecture courses 54
T L T
The results of the survey of the EO graduates are displayed in Figure 5. 25 4 d
Responses were given to all statements except for four respondents who are 154 (d)
working on their doctorates and responded “not applicable” to (d). Theresponses s4_ T 1.
to the survey include EO graduates from every year since the program began — 1 1 T 1
except for 1995 and 1997 (thefirst graduate wasin December 1984). Ninety-six 25
percent of the responses strongly confirmed that the three-lab programisdesirable 15 (e)
in statement (&) and firmly rejected the proposal to discontinue the lab program 5

and replace the labs with lecture courses in statement (g). A similar survey was
sent out to our current students, but the number of responses was small; however,

the pattern was quite similar. These resultsare consistent with the storiesfrom our %g J (f)
graduates who describe how quickly they were able to become productivein their 5 |
firstjob. Some of the comments sent in with the survey responsesfrom graduates . r 1 1
are asfollows: o5

“I really think the labs were amajor part of the EO program and were a 15 J (9)

big benefit to me in the coursework and after | took ajob.” 5

“I can't say enough about the UD EO lab program.......... TheUD EOlab

1 2 3 4 5

series confirmed, affirmed and further developed my intense love for  Fig. 5: Survey of UD EO graduates
laboratory research activity.” (seetext for key).

“l work inanopticslab onadaily basis. Theskillsthat | acquired inthe EO labsare used routinely, and it surprises
me that someindividual swithwhom | have worked do not have these skills. Extensivelab traininginan academic
setting gives you the confidence to solve problems when real problems are encountered on the job.”

“Thelab program wasan important learning tool for myself and otherswhen | went through the programand | think
it should still beimportant. It provides pertinent, timely, and insightful experiencesfor the participants. If apicture
tells a thousand words, then an experiment gives the student an opportunity to ‘paint’ a picture with learned
theories.”

“I felt well prepared by the EO program and the 'hands-on' experience of both the laboratory courses and the
research assistantship | held in the mid 1980s. As an experimental physicist in an applied engineering field, UD
played an important role in shaping my career path.”

“1 have greatly benefited from UD's EO lab program and hopethat it will continueto grow. Inthe past fiveyears, |
have worked for two companiesin which "hands-on" experience was adefinite benefit. Both positionsrequired that
| draw on my lab experience in optical measurements and testing......... | believe that |ab experience gives the
student an opportunity to hone their research and analytical skills, giving them an edge over those who have had
very little "hands-on" laboratory experience.”

"Specially for those of us, who had their master's thesis topic rather theoretical/computational in nature, the labs
gave us the confidence that we could survive if we were to do experimental optics.”
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“Lab exercises are extremely important for optical engineers. The hands-on labs help solidify what is taught in
class and they build confidence in working with equipment.”

"It isthe first exposure most of us have to actually touch optics, tweak optics, even break some optics. Without
the pressure of having to perform for ajob, we can experiment, teach ourselves how things work in the lab, and
how to experiment. Overall, | would call the labs a necessity not an option and redlly it is what sets UD apart
from the other programs at that level.”

4.2 Conclusions

There are several key stagesin designing astructured laboratory sequence such asinthe UD EO lab program. 1) Theremust
beaclear vision of the goal of thelab program. 2) Thisvision and the goal should provide the conceptual framework from
which the projects and tasks in each lab course can be designed. 3) These project and task designs provide the basis for
determining the equipment, component and supply needs of the lab courses. This step requiresasolid familiarity with the
vendorswho sell the types of equipment, components and supplies needed. 4) The project and task designsprovidethebasis
for determining the space needs. The UD EO lab program was initially designed around six 4 ft x 8 ft optics tables.
Unfortunately, the space originally available was cut by about 30%. This required some creative redesign wherein we
replaced three of the tables with smaller 3 ft x 4 ft optics tables. These tables have turned out to be quite acceptable. The
smaller projectsare set up these tables and it has become apparent that the smaller size providesthe studentswith experience
in making optical setups compact. 5) Besides the optics tables, the furniture in the space must provide adequate and
convenient storage plus bench top and shelf space for mounting el ectronic equipment, recording data, etc. 6) The design of
the space must include methods of darkening individual lab areas without affecting other |abs as well as access and egress
routes for each optics lab area. 7) Of course, the design must include all the necessary electrical power, lighting, cooling
water, sinks, etc. 8) Important needs for modern electro-optics laboratories are computers and data acquisition systems.
These systems have significant space needs and usually need to be portable. 9) Because of the wide variety of projects,
typically ateam of two or three experienced individualsis heeded to select the equipment, components and suppliesfor each
lab and then to bring each lab to operational status. 10) Perhaps the most tedious and time consuming requirements are
ordering the equipment, components and supplies, organizing them in the lab areas and keeping them that way, and then
maintai ning and replacing them as needed. 11) Thefinal steps have to do with writing procedures or alab manual for each
lab course, developing the projects so that they can be accomplished in reasonabl e periods of time, updating the manual as
needed and finaly identifying activities and projects that should by either updated or replaced. The final demand that this
kind of lab program makes is for an instructor to learn the projects in a given lab well enough to guide the students and
trouble shoot the projects when problems arise.

The UD EO lab program has successfully moved through all the above stages. Theresultscited inthe previous section give
solid evidence to this claim. Our experience showsthat it is not necessary and it is probably impossible to touch on every
optical, electro-optical, photonic and electronic topic in a lab sequence design. The important feature of the type of
supervised lab program described hereisthat it provides students with well-defined areas for investigation that have not only
clearly defined goals, but also provides opportunities for exploration. The espoused principle is that it is the process of
learning to do lab work and all that it entails within a supervised and appropriately structured program that is the key to
opening the door to the worlds of experimental science and hands-on engineering to students. The role of the instructor in
this design is both that of a mentor and that of ateacher. One of the many lessons students learn is that no matter how
evident the theory is regarding a given project, making an optical/el ectro-optical/optoel ectronic/photonic system work is
another matter that cannot be learned from abook, but just hasto be experienced. They personally experience that thingsdo
not alwayswork right, namely, equipment fails, optics are not perfect and the alignment may be wrong. More importantly,
they learn to recognize these situations and how to correct or avoid them. One of the most important skillsthat we observein
students progressing through our lab sequence is the growth of their ability to critique their own work and to correct their
own errors. Thus, despite the demand on the authors as well as on the students since the beginning of the EO Program, our
experience with a supervised and structured graduate laboratory sequence has been very positive and productive for our
graduates. Thefollowing quotation from an EO graduate sumsit up succinctly: “I agree with having structured labs. | think
solid thesis work should cover ‘unstructured’ lab work.”
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