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ABSTRACT

The progress in expanding the Georgia Tech Lightwave Communications
Instructional Laboratory is detailed. The originally proposed experiments
are discussed in the context of their current status, and the actual
procedures performed by the students are presented. Additional work
which has resulted as a direct consequence of the NSF grant is also
included. A summary of the project completion plan points out the primary

areas in which work remains.



I. Introduction

The project entitled "Lightwave Communications Laboratory Expansion”
was funded by the National Science Foundation in September 1981. This
project was directed towards upgrading the existing laboratory facilities
within the School of Electrical Engineéring at the Georgia Institute
of Technology to allow for student exposure to a class of sophisticated
fiber optics experiments. The expansion plan included equipment purchases
to restructure the set of experiments which previously existed in the
instructional coursework. As discussed below, the plan has been
implemented with some enhancements.

This progress report is divided into two primary categories, namely,
Progress to Date and Completion of the Project. Each is presented in
a relatively detailed manner so as to provide for an overall view of

the work.

A. Progress to Date

The equipment purchases have been completed, with the actual purchase
1ist directly correlating with the original proposal. Among the major
pieces of equipment which have been received are a 15mW HeNe laser system,
a lock-in amplifier with a light chopper assembly and an optical bench
with isolation supports. Also included in the list are various optical
components, a PIN photodiode 1light detection setup, and a fiber
cleaving/preparation kit.

The equipment 1listed above was obtained to build two major
experiments. These are (a) "Fiber Index Profiling by Optical Near-Field
Measurements", and (b) "Splicing Losses in Optical Fibers"; the original

experiment set ups are provided in the Appendix. As can be seen from
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the titles, the original conception of the expansion plan was to increase
the fiber optics subject matter within the course. This was maintained
in the actual implementation, but was extended beyond these goals to
include some more advanced experiments which utilitzed both the new
equipment and existing facilities.

The efforts to expand the Lightwave Communications Laboratory have
been correlated with the generalized development plan of the School
of Electrical Engineering. Although the initial work was performed
in the original Tlaboratory location, the lab was moved in September,
1982, to a Tlarger room. While the move was somewhat time consuming,
it was necessary in order to accomodate the new equipment. Fortunately,
two major developments have taken place because of the new laboratory
space made available in the move. First, the optical bench setup is
now isolated from the remaining portions of the laboratory. This allows
for a greater margin of safety, and also provides more work space.
Second, the additional space gained in the new room has allowed the
"partitioning" of the work area on the optical bench. This has in turn
given rise to the development of a new set of experiments which require
the stable platform for results. The floorplan of the '1aboratory is
provided in Figure 1; the optiéa] partitioning is shown in Figure 2.

With regards to the two primary experiments, the development has
progressed as anticipated. The experiment entitled "Splicing Losses
in Optical Fibers" was found to be quite straightforward to implement.
The results have allowed the measurement of splicing Tlosses down to
approximately 1 dB. Note from Figures 1 and 2 that the actual splicing

and fiber end preparation is performed outside of the optical bench
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location. This then frees up some additional workspace for the
experiments to be discussed later. No major problems were experienced
with setting up this experiment. The results have actually been better
than anticipated, and tend to correlate quite well with the theory.
The original equipment request has proven sufficient to give a
state-of-the-art experiment which 1is straightforward from the student
viewpoint.

The basic experimental procedure followed by the students starts
by allowing each group to choose a specific sample of fiber from a large
assortment. This includes primarily multimode fibers, but a few single
mode structures are available for the more advanced students to study.
The group is given two samples, each of which is approximately 1 meter
long. One Jength 1is used for the reference measurement which gives
the actual transmission of the fiber without a splice. The remaining
sample is broken in the middle, and then spliced using an epoxy compound.
The spliced fiber 1is placed into the measurement setup, and its
transmission properties are then studied.

The experiment inherently requires that the study examine the ends
of the fibers under a stereo microscope. They must then strip away
a portion of the cladding and polish the surfaces to allow for access
of the maximum numerical aperature. The splicing operation requires
the same procedure, and also introduces them to the problems involved
in aligning the fibers for an accurate splice. They are encouraged
(but not required) to purposely make a bad splice to measure the losses
in the fiber field strengths. Persons wishing to examine the topic

further on a "Special Projects" basis are directed towards the problems
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involved in angular coupling and various epoxy compounds.

The experiment entitled "Fiber Index Profiling by Optical Near-Field
Measurements" has proven to be much more difficult to implement. First,
the output from the PIN photodiode was too small to accurately measure,
often giving noise readings. Consequently, a low-noise amplifier was
designed and constructed by a group of Senior Undergraduate students
over a period of about 7 months. Once the amplifier was completed,
it was discovered that the PIN photodiode array did not provide sufficient
spatial resolution to accurately extract the needeq radiation patterns.
Although this problem has not been completely solved yet, it is currently
being handled by a microprocessor controlled circuit which allows for
selective phasing of the photodiode array. It is noted that another
group of students has been studying this particular problem, and are
responsible for this technique.

In its present form, the experimental procedure followed by the
students requires them to first measure the magnitude of the transmitted
optical field, and perform the necessary fine alignment steps. They
are then introduced to the theory and operation of the 1light
chopper/lock-in amplifier assembly, and are given "hands on" calibration
using various chopper blades. After this is completed, they must then
study the operation of the PIN photodiode detector array. This is
accomplished by using a low power laser in a stationary position, and
then scanning the array over the 1light beam by means of the
micro-manipulators. The final phase of the experiment requires a plot
of 1light intensity versus spatial coordinates to be obtained. This

information provides the null points in the near-field pattern, which
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is then used to extrapolate the index profile of the fiber core. Owing
to the fact that the gctua] profiles are provided, a comparison between
the experiment and the theory can be made immediately. The major problems
involved in the experiment and the theory can be made immediately. The
major problems involved in the experiment from the student viewpoint
is the difficulty encountered when aligning the system. However, this
was intentionally built into the experiment to give some feeling for
the sensitivity of optics experiments in general.

Both experiments above have been enhanced by recent donations of
various optical fiber samples from Bell Laboratories, Inc. In particular,
it was possible to obtain a wide variety of index profiles and fiber
types with pertinent technical information on the actual numerical
aperatures, index profiles, and cladding structures. MWestern Electric
has a]sb been supportive of the current efforts, and have provided
additional fibers and a digital fiber optic data 1link. Corning Glass
has been a constant source of donations of fibers and technical
information which are directly distributed to the students during the
laboratory course.

As was mentioned above, moving the laboratory to a larger room
has allowed for an expansion of the project beyond the original goals.
In particular, two new experiments have been added to the course set.
These both require the stable workstation provided by the isolated optical
bench acquired through the NSF grant, and would not have been possible
without the equipment. Thus, these experiments are discussed here as
a related area of interest to the National Science Foundation.

The first experiment 1is Jloosely titled "Introduction to Optical

-5



Computing”" and deals with the basic concepts of using lasers to perform
binary calculations through sets of mask arrangements. Although this
particular area and technique is quite speculative, it is felt that
it provides a threefold purpose. First, the problems of diffraction
become immediately apparent 1in observing the spatial cross-secional
beam patterns. Second, it allows for additional practice in optical
system alignment (which is quite difficult in this case). Finally,
the technique is relatively new and is based on concepts currently being
studied in research projects within the School; thus, the experiment
gives the students some direct insight into the nature of a particular
research area.

The second new experiment deals with "Active Optical Detectors”
and 1is optional in the course. This particular setup introduces the
students to the use of active semiconductor devices for the direct
detection and amplification of optical signals. The experiment is
directed towards those persons with a good background in semiconductor
device physics, and requires a detailed (low-order) analysis of the
problem from an analytic standpoint. The bipolar transistor with a
light sensitive base is used for the experiment. The amplification
properties of the bipolar transistor are obtained by simple bias
adjustments, and the experiment thus reinforces the optoelectronics
design introduced earlier in the course. This experiment has been
developed in conjunction with current research in this area; although
the actual research topic deals with GaAs MESFETs as a detector/amplifier,
it was felt that the theory was too involved to present to the Senior
Undergraduates. Consequently, the bipolar junction transistor was chosen

as an acceptable alternate.



This concludes the discussion of the present state of the expansion
project. The next section deals with the work necessary to complete

the work and also with-the relative impact of the project.

B. Completion of the Project

The overall expansion plan is currently about 75% completed. Some
time was lost by the laboratory move, as mentioned earlier. This,
however, has given rise to the introduction of new experiments, so it
is not felt that the time was wasted.

0f the tasks remaining to be completed, the most pressing is the
problem involved in the spatial resolution provided by the PIN diode
detector array of the index profiling experiment. The multiplexing
scheme described in the previous section has not proven to be entirely
satisfactory, and it is hoped that a better approach can be found. This
is a non-trivial problem, as it includes digital electronics,
optoelectronics and sensitive fiber alignment. While some ideas are
currently being studied, no concrete plans have been made at the time
of this writing.

During the remining months of the project, overall interest will
be directed towards three major tasks. First, the experimental procedures
must be rewritten and presented in a more structured format; at the
current time, the lists are handwritten and are not complete. Second,
the incorporation of the experiments into the overall structure of the
course has required that the previously existing experiments be reviewed.
This has caused the addition of some new material, and also the delection
of some of the experiments which used to form the basis of the course.

This is a major task, since it involves the careful correlation of all



the information presented to the students. The third task concerns
a re-evaluation of the floorplan of the laboratory. It is felt that
the experiments can be_arranged in a more logical manner so as to extract
the maximum possible return per square foot. This is a continuing concern
for future updating of the laboratory material. Since the NSF grant
has allowed for such a tremendous expansion of the basic facility, it
is felt that the overall plan should be made at the current time.

Senior Undergraduate students will continue to play an important
role in the completion of the laboratory expansion. This allows the
students to become directly familiar with the problems involved in
establishing an experimental setup, and also gives some experience in
exercising new ideas. In addition, their comments have played a
significant role in the evolution of the experiments by pointing out
the difficult parts of the procedures, providing suggestions for improving
the manual, and giving insight into the learning process provided by

the Tlaboratory.
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Abstract

The progress made in developing the Lightwave Communications
instructional laboratory under the grant from the National Science
Foundation is detailed. A comparison between the original and pre-
sent state of the laboratory is made to demonstrate the specific
points of improvement. New experiments which were developed as

both direct and indirect consequences of the NSF grant are described.



I. Introduction

The project entitled "Lightwave Communications Laboratory
Expansion' was funded by the National Science Foundation in
September, 1981. This work was directed towards upgrading the
existing laboratory facilities within the School of Electrical
Engineering at the Georgia Institute of Technology to allow for
students to gain an exposure to a set of relatively sophisticated
fiber optic experiments. Included in the plan was equipment pur-
chases, and also the introduction of new experimental procedures.

This report details the progress made in restructuring and up-
grading the Lightwave Communications laboratory at Georgia Tech
under the NSF grant. The presentation has been written to allow
a direct comparison between the initial and final states of the

lab.

I1. 1Initial Status of the Laboratory

When the NSF grant was received in September, 1981, six ex-
periments were used in teaching the Lightwave Communications Lab-
oratory. These are listed in Table 1, which also provides the ex-
periment titles and a short description of the concepts covered.
Typically, one week was devoted to individual student projects
which used the resources of the lab.

The laboratory was originally built using internal funds.
Owing to the expense involved in purchasing optical components,
much of the development centered around optoelectronic concepts
which could be taught using the existing equipment in the Elec-

tronics laboratory of the School of Electrical Engineering.



Donations were also solicited from Industrial concerns, with
Western Electric, Bell Laboratories and Corning Glass providing
many samples of optical fibers, light-emitting diodes,and light
detectors.

The optoelectronic circuits used in the experiments were,
for the most part, designed, constructed and tested by students.
Many of these were conceived by the students themselves during
"Independent Study' courses. For example, the Pulse Amplitude
Modulation (PAM) decoding scheme introduced in Experiment 3 was
built using standard circuit techniques and a handful of parts.
This situation was necessitated by the fact that the commercial
units which were secured did not allow for the internal circuitry
to be studied. Consequently, a large portion of the work centered
around comparing the student designs with the properties of com-
mercially-available units.

Experiment 6, 'Spectral Transmission Properties of Optical
Fibers', was the only original experiment which allowed students
a '"hands-on" introduction to typical fiber optic measurements. In
this experiment, the students measured the transmission properties
of a silca fiber as a function of the lightwave frequency. This
serves a multitude of purposes. First, the students are exposed
to the correlation between theory and experiment. This is most
prevalent in that the OH-radical absorption lines of the silica
molecule are easily observed in the data. Second, practical pro-
blems such as optical system alignment are illustrated by requir-

ing the students to construct the system from parts. Third, the



problem of light coupling in and out of the fiber with the asso-
ciated concept of the Numerical Aperature becomes more realistic
in the focussing of the light beam. Fourth, the sensitivity of
optical systems to mechanical vibrations is an every day problem,
as the optical table is not isolated from the building.

The plan for expanding the Lightwave Communications Labora-
tory developed for two reasons. First, it was felt that some of
the experiments were too elementary for an Electrical Engineering
cirriculum, in that the limited equipment did not allow for overly
sophisticated systems to be constructed. The second factor was the
desire to include more basic optical techniques in the laboratory
to balance out the optoelectronics. The formal course offerings
in the Optical Engineering program at Georgia Tech tend to center
around the properties of the otpical fields. 1In its initial state,
the Lightwave laboratory did not meet the goal of providing exper-
ience which correlated with the lectures in the classroom. This
deficiency was a major drawback of the lab.

Emphasis was thus directed towards the creation of a new set
of experiments which would better illustrate the field of Optical
Engineering to the students. A list of basic laboratory procedures
was developed and set as the minimum desired content of the new ex-
periments. This effort resulted in the submission of the proposal
to NSF which was later funded under the Instructional Laboratory
Grant program.

ITII. Current Status of the Laboratory
The list of experiments now included in the Lightwave Communi-

cations laboratory is shown in Table 2. Experiments 2, 3, 5, and



10 were developed from the previously existing set shown in Table
1. The remaining experiments in the list are direct and indirect
consequences of the work allowed by the NSF grant. These are de-
tailed below.

Experiment 1 deals with laser safety and general introduction
to the optical equipment employed in the laboratory. The NSF
Instructional Equipment grant made possible the purchase of a high
power laser and sophisticated measurement equipment, such as the
light chopper and lock-in amplifier. The general operation of each
important item is illustrated by examples. This then provides a
basis for the remaining experiments. Since both HeNe and GaAs
semiconductor injection lasers are employed in the experiments, the
safety procedures are stressed in this experiment, with continuous
reminders throughout the lab.

The problems of '"Large-Scale Fiber Optic Transmission Systems'
are discussed in Experiment 4. This was not one of the originally
proposed experiments, but was developed as a direct consequence of
the NSF grant. It was found possible to purchase an inexpensive
desk-top computer system with a built-in RS-232 output. Combined
with the donation of a digital fiber optic link from Western Electric
/Bell Laboratories, it was sufficient to create a realistic envi-
roment to study the attenuation of lightwave signals in a long-
haul link, EMI immunity and distribution of signals. The light-
chopper and lock-in amplifier are used in conjunction with this ex-

periment.



""Optical Fiber Splicing'" is just the subject of Experiment 6,
and constitutes one of the experiments described in the original
NSF proposal. The scheme for this is illustrated in Figure 1.

The procedure used in practice is essentially the same as that
originally set forth.

The measurement of fiber splicing losses proceeds by the stu-
dents first choosing a sample of fiber from a large assortment.
Most of the samples are multi-mode graded-index fibers, although
a few single-mode structures are available. Each group of two
students is given 2 samples approximately 1 meter in length. One
sample is used for the reference, as shown in Figure 1. The other
sample is scored with a sapphire blade, then mechanically stress-
ed to induce a break. After visual examination of the broken ends
under a stereo microscope, the splice is made by sanding, polish-
ing, and using an index-matched epoxy compound. The spliced fiber
is then measured for its transmission properties, which illustrates
the excitation of the radiation and leaky wave modes created by the
splice.

This experiment provides for experience in light beam align-
ment, and also introduces the students to a realistic practical
problem. If time permits, the students are urged to study two
variations on this problem. The first deals with purposely cre-
ating a bad splice to measure the increased lightwave amplitude
losses. The second is more involved, and is concerned with mea-
suring the angular splice properties and also the concept of a

fiber numerical aperature.



Experiment 7 presents a technique to study the '"Experimental
Determination of Fiber Index Profiles'. It is also one of the
originally proposed experiments, and proceeds using the basic
arrangement illustrated in Figure 2. The implementation of this
procedure has proven quite difficult for two reasons. First, the
alignment is complicated, and has taken students as long as an hour
to perform the fine-~adjustments. This situation has led to an ini-
tial setup time problem, which has not yet been solved. Second,
detection of the near-field pattern is limited by the resolution
allowed by the detector array. Since the array is micrometer-driven,
it is quite sensitive to the reading of the Vernier scale. This
has led to many discrepencies in comparing the measured to known
results.

The procedure requires students to first review the light-
chopper and lock-in amplifier properties. After this is completed,
they then examine the PIN photodiode array/amplifier and test the
detection system using a low power infrared LED source. Finally,
the actual experiment is performed in which the near-field patterns
are measured.

To alleviate some of the problems encountered in implementing
this experiment, additional steps have been taken. These were not
in the original proposal, but tend to help the students in their
work. An example of the modifications currently being used is a
micro-manipulator system in which the motion of the detector array
can be controlled by typing in the appropriate binary code. Al-

though this is still in the developmental phaseses, it appears a



good candidate for apermanent inclusion in the system.

Experiment 8 introduces the student to a technique for opti-
cal computing. This experiment was not in the originally proposed
set, but employs the optical bench and the 15 mW HeNe laser secured
from the NSF grant. It requires students to investigate a basic
technique for performing optical binary logic by passing the laser
beam through a series of glass masks. A pinhole approach is also
included to demonstrate diffraction principles int his methodology.
The work is correlated with ongoing research in the School of Elec-
trical Engineering.

"Introduction to Integrated Optics" is the subject covered in
Experiment 7. Although this was conceived some time ago, it was
not a feasible experiment until the NSF grant allowed for the pur-
chase of an isolated optical bench. Consequently, it is considered
an indirect consequence of receiving NSF funds. This experiment
employs some crude waveguides fabricated in the Solid State lab-
oratory. The students are allowed to study the properties of light-
wave guiding in planar structures, and also various input/output
coupling techniques.

As can be seen from the brief descriptions above the NSF grant
has allowed many advances to be made in the Lightwave Laboratory.
Figure 4 provides the alloted space layout for the optical bench,

while Figure 5 shows the floorplan of the Lightwave Laboratory.



IV. Conclusions and Projected Future of the Laboratory

Receiving the grant for the project "Lightwave Communications
Laboratory Expansion' from the National Science Foundation has
allowed a significant amount of progress to be made. New experi-
ments have been developed, and the funds have provided for a much
more detailed presentation of the basic properties of fiber optics
and optical engineering. This has been complimented in the lecture
courses, since it is possible to correlate much of the theory with
experimental measurements. Student interest remains high, and the
School is now in the process of evaluating the success of the pro-
ject by means of questionnaires. Although the final results are
not yet completed, it is obvious that the laboratory is providing
a firm foundation for students entering Graduate studies.

It is felt that the laboratory will always be in a state of
change. This is necessary to provide state-of-the-art experience
for the students. 1In addition, new faculty members within the
School of Electrical Engineering have continuously contributed to
the development of new approaches to presenting the experiments.
Since the faculty numbers are increasing, this type of interaction
will undoubtedly increase in the future.

The response from industrial concerns has also been very good.
For example, the Atlanta branch of the Bell Laboratory system is
primarily concerned with fiber optic transmission problems. Georgia
Tech is very fortunate to have excellent working relations which
allows the students to see research and to meet with leaders in the

field. As an example of the tie between Bell Laboratories and



Georgia Tech, it should be noted that a textbook in fiber optics
was authored by a member of the Bell Labs Technical Staff in con-
junction with teaching the course on campus.

In conclusion, it has been demonstrated that the Instruction
Equipment Laboratory grant from the National Science Foundation has
had a significant impact on the education provided to Georgia Tech
students. The ramifications of the grant will continue to improve

the status of the laboratory for many years to come.
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Experiment
Number

1.

Title and Description

"Optical Sources'. Various light sources and their
properties are examined through measurements which
relate to theoretical predictions. Devices include
a low power HeNe laser, infrared light emitting dio-
des, and a quartz-halogen lamp. Spectral emission
curves and angular radiation patterns are emphasized.

"Optical Detectors'. PIN photodiodes and phototran-
sistors are studied from both the theoretical and
experimental viewpoints. Spectral response, sensiti-
vity and noise figures are measured. Practical design
of solid state source and detector circuits are present-
ed.

"Digital Optical Communications''. The students are
introduced to digital modulation techniques for opti-
cal communications including PAM, PPM and PWM. Demo-
dulation schemes are presented. Both discrete source-
detector systems and commerical fiber optic units are
evaluated in terms of optical and electrical perfor-
mance.

"Analog Fiber Optic Systems'. This is an in-depth
study of analog signal transmission using optical
fibers. The optoelectronic portions of an analog
optical communication system are examined, with em-
phasis placed on the structure of the lightwave sig-
nal. Free space transmission is compared to fiber
guidance. Excitation and coupling techniques for
optical fibers are studied, as are the properties

of various grades and typed of lightguides.

""Spectral Transmission Properties of Optical Fibers'.
In this experiment, the students measure the power
transmission of an optical fiber as a function of
wavelength. A quartz-halogen lamp serves as the
source, with frequency selectivity accomplished by

a grating monochrometer. Experimental results are
compared with theoretical predictions and known
transmission curves. The OH-radical absorption

lines are studied.

"Independent Project'. The students are allowed to
design and perform an optical communications experi-
ment of their own choosing. Both individual and group
efforts are permitted. Examples of systems which have
been built by past (Independent Study Course) students
in this regard include a fiber-based microprocessor
system, multiplexed three-channel analog fiber link,
and fiber optic video transmission system.

Table 1

Summary of Original Experiments



Experiment
Number

Title and Description

"Lightwave Laboratory Orientation'. A basic intro-
duction to laser safety and optical equipment.

""Optical Sources and Detectors'. Various light
sources and detectors are studied for optical
properties in fiber optic systems. Both gaseous
and solid state devices are included. Practical
design of basic optoelectronic circuits in included.

"Digital Lightwave Communication Techniques'. Digital
modulation techniques suchas PAM, PPM and PWM are
presented in the context of fiber propagation channels.
Students construct a basic system, and then compare
the resulting performance with a commercial unit.
Coupling problems and numerical aperature concepts

are included in an introductory manner.

"Large Scale Fiber Optic Transmission System'. In-
troduction to characteristics and design of long-
haul and local-distributed fiber optic digital sys-
tems. Couplers and distribution techniques are il-
lustrated for a serial RS-232 encoding scheme. EMI
immunity is examined.

""Spectral Transmission Properties of Optical Fibers".
the students measure the power transmission of an op-
tical fiber as a function of wavelength. Experimental
results are compared to the measurements, with OH ab-
sorption line studies and 1.3 micron source require-
ments.

"Optical Fiber Splicing'. Basic Splicing techniques
are introduced, and each student must perform an epoxy
splice. The splice losses are then measured by com-
paring the transmission of the spliced fiber with

one which is left intact. Geometrical optic radition
calculations are used, and the experiment is related
to the fiber propagation modes.

"Experimental Determination of Fiber Index Profiles".
Near-field measurements are used to extrapolate the
model patterns from basic output field intensities.
These are then used to estimate the index profile

of the fiber under measurement. The results are
then compared with the known profile.

Table 2 ]
Summary of Current Experiments

ii



-10.

"Introduction to Optical Computing'. A laser beam

is used to perform basic binary functions with masks.
Diffraction is studied on both a theoretical and ex-
perimental basis.

"Introduction to Integrated Optics'. A basic planar
waveguide is studied for mode propagational behavior.
Active detectors are examined, with projections for
future integrated structures. Coupling in and out of
of the waveguide to sources, detectors, and fibers

is included.

"Independent Project'. Students are allowed to in-

vestigate a particular problem of their choice using
the resources of the laboratory.

Table 2 .
Summary of Current Experiments

iii
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