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ABSTRACT

A renovated facility is being used for a broad—based and flexible ap—
proach to teaching optics and optical systems at the undergraduate
and M.S. levels. The range of topics included in the curriculum is
from conventional geometrical and physical optics to laser physics,
optical transformations, electro—optical devices, remote sensing and
digital image processing. Emphasis of this paper is on the design
and use of the new facilities, and the interrelationships of the
various areas presented. The optics complex contains conventional
optics teaching laboratory space with soft walls, an electronics
teaching laboratory, a holography laboratory with darkroom, and a
remote sensing computer simulation modeling and digital image proces—
sing laboratory. Moreover, a machine vision facility is a computer
networked extended part of the digital image processing systems in an
operational mode involving interfaced flexible machine cells. These
cells are robotics interfaced in a flexible manufacturing system that
is capable of process and machine part prototyping computer networked
with a CAD system.

2. INTRODUCTION

The Science Building at Marshall University, within the University of
West Virginia, is being completely remodeled to provide up—to—date
instructional and research facilities for the students and faculty of
the University. The building houses the Departments of Geology,
Chemistry, Biological Sciences, and Physics and Physical Sciences.
The renovation project includes a 6130 square meters (66,000 square
feet) addition and the total renovation of an existing four story
structure that contains 11,900 square meters (127,960 square feet).
A significant part of the renovated space has been designed with the
intent of providing a flexible space for instruction and research in
the topic areas of optics, electronics, electro—optics, and computer
5 imulation modeling.

Before going into any detail on the design of the new facilities, a
few details on Marshall University and the offerings of the Depart—
ment of Physics and Physical Science will be given. Marshall is a
part of the University of West Virginia and has a student popula-
tion of roughly 12,000 on this campus. The Department of Physics and
Physical Science offers a B.S. degree in physics with a conventional
classical mechanics, electricity and magnetism, thermodynamics, and
modern/quantum physics core curriculum. Additional courses are
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available as electives to the physics majors that enable the students
to broaden their scientific and technical backgrounds. In par—

ticular, the areas of optical, electronic and nuclear physics have
been viewed as especially vital for student career development. The
major part of this paper will be devoted to the facilities for the
optics, electronics, electro—optics and computer simulation modeling
portion of the curriculum.

In addition to the physics B.S. curriculum there is a track at the
baccalaureate level for the training of secondary school physics
teachers. Optics and electronics play central roles in the cur—
riculum. At the graduate level the degree program is currently
limited to an M.S. degree in physical science. This program with a
science education emphasis is designed to broaden and enrich the
science backgrounds of active science teachers. As such it provides
an "in field" alternative to the usual school administration programs
that take some science teachers out of the classroom. This alterna—
tive allows teachers to take courses in physics, astronomy, geology,
chemistry, mathematics, and computer science that directly strengthen
their knowledge of science and their teaching skills in the science
classroom. Again, the optics and electronics components are vital
parts of their curriculum. This program in fact allows science
teachers with certification in areas other than physics to work on
physics certification while earning graduate credit. The department
faculty have long agreed that secondary school science instruction
within the state and region must be strengthened in order for Mar—
shall to have students properly prepared for baccalaureate level sci—
ence work. The department faculty devotes a great deal of time to
this end.

A listing of relevant courses in waves, optics, electronics, electro—
optics, and computer simulation modeling for all of the physics and
physical science degrees follows:

—Optics /Optics Laboratory
—Optics with Life Science and Medical Applications
—Optics for Teachers
—Optics Technology
—Atomic Physics/Atomic Physics Laboratory
—Modern/Quantum Physics
—Laser Principles
—Elect ro—op tics

—Electronic Physics/Electronics Laboratory
—Applied Electronics and Instrumentation
—Electronics for Teachers
—Digital Electronics
—Physics of High—Fidelity
—Physics of Remote Sensing with Applications
—Digital Image Processing and Computer Simulation Modeling
—Atmospheric Physics with Computer Simulation Modeling

Most of the above courses are official courses for the department. A
few, such as Optics Technology and Physics of High—Fidelity, have
only been offered on demand for selected groups. In all courses the
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parallels between optics and electronics are stressed and topics like
Fourier transforms are discussed as common mathematical tools.

Another track within the physical science graduate degree program
that has evolved over the past few years utilizes many of the same
courses pertaining to waves, optics, electronics, lasers, and remote
sensing/image processing, which have been taught within the depart—
ment. With selection from these courses as a curriculum foundation,
computer science, mathematics, geography, geology, and biological
sciences can be utilized for multidisciplined thesis research prep—
aration. This is accomplished with consultation and approval of the
graduate thesis committee for the M.S. in physical science. There—
fore, each student's graduate program in physical science is mdi—
vidually designed to meet his/her research needs. This broadens the
opportunities for thesis foundations and information needs in re—
search. Thesis research in this physical science track, whether
basic or applied, involves a multidisciplined integrated program. It
can include topics from electro—optic sensors and machine vision to
earth observation systems and resource management with global climate
models.

3. OPTICS, ELECTRONICS, AND COMPUTER SIMULATION MODELING FACILITIES

In the past upper division courses in this department have been
taught in cramped spaces with insufficient space, control of light—
ing, electrical service, plumbing, ventilation, and suitable equip—
ment. These severe conditions and the prospects of a fully renovated
facility prompted the faculty to consider the following criteria for
the renovated space:

1. modular spaces with individual control of lighting and other
utilities,

2. accessibility among facilities involving optical, and/or
computer data links,

3. integrated electronics and optics facilities designed to
provide long light paths,

4. data jacks available throughout the facilities connecting to
the campus—wide computer network, and

5. above objectives designed for finite existing space.

The design of the optics, electronics, and the computer simulation
modeling areas resulted from a series of interactive discussions be—
tween the architectural firm (Abramovitz, Kingsland & Schiff (AKS) of
New York, prime architect G. Schiff) and the faculty. It was clear
from the beginning of the design that floor space could not be dedi—
cated for each possible project. Each space would have to serve
multiple uses because of the finite size of the building to be reno-
vated and the competing demands from four of the academic departments
within the College of Science.

One corner of the building was designed for the optics, electronics,
and computer simulation modeling project which was developed within
the criteria listed above. The result, figure 1, includes a single
closed optics space for doing holography and other experiments with
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higher power lasers. This space has an attached darkroom with
separate amber and green safety lights. (Previously, film processing
had been done in an unventilated toilet!) Extending from the holo—
graphy room and around the corner of the building are a series of
five curtained spaces ranging in size from 2.5 m x 3.4 m to 3.1 m x
5.0 m. The curtained spaces can be used for conventional spectros—
copy experiments, optical image processing, fiber optics measure—
ments, lens aberration measurements, interferometric measurements,
electro—optical sensor systems experiments and so forth. Each space
is enclosed on one to three sides by heavy double layered curtains
that allow the space to be closed off for an experiment involving a
small space, or to be expanded to a size appropriate to an experiment
demanding greater space. At the other end of the curtained area is a
small optics room with four laboratory tables that hold items like
refractometers, measuring microscopes and small optical benches. A
solid wall with an open passage aisle separates the last curtained
area from the space with four tables. This space in turn is con—
nected to the electronics laboratory with a wide folding curtain
providing open access between the spaces. The electronics area has
bench space for twenty students and can be darkened. Thus the con—
nected areas can be opened up to allow an unfolded 27 m (89 ft) light
path, figure 2, from one end of the building to the far wall of the
electronics space.

The soft—walled spaces have heavy double—layered curtains that slide
along tracks mounted on a bulkhead with the lower surface 2.6 m above
the floor, figure 3. Where one curtain track ends away from a wall,
there is always overlap with another curtain. On the outside walls
there is a permanent attachment of the curtain to the wall. At one
support pillar within the space Velcro strips allow for sufficient
light—tight attachment of the curtain to the pillar. A valance on
each side of the main curtain dropping 70 cm from the bulkhead blocks
light passage through the track area of the curtain, figure 4. The
separation of the curtain track and each valance is 15.5 cm. This
system provides sufficient light isolation that experiments using
photographic film can be conducted in the curtained rooms.

A ventilation duct passing through the bulkhead (30 cm x 30 cm) is
provided in each curtained area for ventilation air egress to prevent
curtain flutters. This duct is provided with a louvered grill on one
side and two baffles, each covering slightly over half of the duct
area. The inside of the duct is painted flat black to minimize light
reflections. Again, light isolation is sufficient to allow film to
be used in the spaces.

Currently the facilities have apparatus for studying simple lenses
and mirrors, lens resolution, aberrations, the prism spectrometer,
index of refraction measurements, student modular interferometer,
fiber optics parameters, the diffraction grating spectrometer, the
Czerny—Turner monochromator, Fourier optical transforms, holography
(transmission, reflection, HNDT, etc.), optical modulation, and
simple polarization effects, figure 5. The major equipment items
include a 0.5 m Czerny—Turner monochromator, a 2.0 W Ar—ion laser
with etalon, a multiline Ar—ion laser, a tunable dye laser with a
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Figure 3 Curtain—waIled spaces in optics area.

142 / SPIE Vol. 1603 Education in Optics (1991)

Figure 2 Long light path viewed electronics laboratory.




