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Virtual laboratories in Optics : Applications to a course on lasers
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Abstract
Virtual laboratories are used to help teaching a course on lasers. The spectral emission
of a laser, the Zeeman effect on the laser frequencies, the frequency stabilisation of a
laser and the Lamb dip are the subjects chosen to virtually illustrate the properties of a
laser. All the laboratories are very close to reality, including possible experimental
missteps. The student is under the conditions he can find in the real laboratory and can
spend as long as he wishes, at any time. The teacher can track the student via a data
base that includes the eventual missteps which the student would have committed.

Keywords
Virtual laboratories ; simulation of a laser ; close to the reality ; simulated experimental
missteps ; student tracking.

Summary
The École Polytechnique de Montréal being an engineering school, the laboratories take
an important part in engineer’s training and particularly understanding all the phenomena 
involved in the operation of a laser is made easier by the use of laboratories. However a
good laboratory, modern and complete, is expensive. Moreover, in the case of a
laboratory concerning lasers, it is important that the student has, at the time of making
the laboratory, all the piece of information and the understanding necessary for a good
learning. It follows from this that we frequently do not have a sufficient number of set-ups
to satisfy at the students at the good time.
One can easily imagine that the creation of virtual laboratories could solve this problem :
they can be as numerous as there are computer stations, they can be carried out
anywhere and at any moment, they may be amortized quickly, and, the last but not least,
they are unbreakable. However, nothing can replace the reality of a true laboratory :
giving the hands-on experience, facing experimental missteps, and so on. In developing
virtual laboratories, we must thus try to simulate reality as much as possible.
This is what we have done with the virtual laboratories used in the course "Introduction
to lasers" of the École Polytechnique de Montréal. We have simulated real equipment
which exists at the École Polytechnique, with all the actual conditions of operation. For
all of them, the interface is as close as possible to reality : all appear as they really are,
their operation and connections between them are simulated and many common
experimental missteps are possible. The student experiments conditions of the real
experiment, except for the fact that he cannot break the apparatus or operate it under
extreme conditions.
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The virtual laboratories are based on the same interface but many experiments can be
simulated. Here for example we give some of them.
1) Spectral emission of a laser.
First the student has to understand the meaning of the use of the different optical
element needed to look at the spectral emission of a laser (polarizer, spectrum analyser,
beam splitter, diode, etc). He has to make the correct BNC connections between them
and to place some of them at the good place. Any error is indicated and the student has
to correct it before continuing. Note that these errors, and the following, are recorded in
a file only accessible to the professor.
Illustrating the cavity modes frequencies of a laser, the gain and the threshold level and
the mode’s polarization, this laboratory permits the student to understand how a laser 
emits light. The effects on the mode frequencies of the temperature variations and of a
piezoelectric crystal voltage applied to the cavity, are simulated with possible
experimental missteps like using wrong apparatus, displacing them to a wrong place, not
respecting the necessary experimental conditions or boosting the voltage applied to the
piezoelectric crystal.
The student can print his experimental results obtained from a chart recorder, analyses it
and fills up a report, answering some questions and measuring some experimental
parameters like as the value of the frequency threshold level, the actual mode
polarization and the laser total or mode intensity.
2) Zeeman effect and lasers.
Applying a magnetic field on the laser tube, the student look at the effects on the mode
frequencies : mode splitting, frequency beating and polarization changes. In this
laboratory, the student must measure values and plot the curves of the variations of the
Zeeman beat frequency with the intensity of the magnetic field or with the mode
frequency position in the laser gain curve. The weak, but not negligible, experimental
fluctuations are simulated, and the values of the experimental data change weakly and
randomly from one student to another. Again the student fills up a report and evaluates
the Bohr magneton.
3) Frequency stabilizations of a laser and Lamb dip measurement .
The Zeeman effect and the intensity mode variations are used to stabilize the frequency
of a laser. The student activates a feedback loop acting on the piezoelectric crystal to
lock its voltage to a bias value corresponding to the frequency choose to stabilize the
laser. These value, for each of the way of stabilization (Zeeman beat frequency or
intensity mode variations) is critical : it depends strongly on the slope of the
discriminating signal and the student can see how this dependence acts on the
stabilization of the laser. The student measures the frequency fluctuations of the laser
mode with or without the feedback loop. He compares the two methods and decides
which is better, taking into account the experimental errors associated with each.
Having stabilized the laser, the student can observe the Lamb dip by drawing the
intensity of the mode as a function of the mode position in the gain curve and he
deduces its value from his measurements, comparing it with the theoretical value.

These is some examples of the virtual laboratories that we can produces from our
multiplatform interface. It is easy to imagine other possibilities. One important point is
that all the laboratories are very close to the reality : they can be used as well as tool of
practice as tool of evaluation. The second point is that many experimental missteps
possibly made by a student are simulated and recorded : not only the student can learn
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of his errors but the professor can also follow the progress of the student, understand his
way of reasoning and so better help it to learn.

We have tested these laboratories with some students who also used the real version.
All showed an unquestionable enthusiasm for the virtual version : realism, interest,
greater availability and specially the resemblance with the real set-up which makes
these virtual laboratories very attractive. These virtual laboratories were also used with
two classes without any difficulty.
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Needed: Optics light in Africa

Akanihu kingsley

Abstract
Though Africa is known and in many quarters still referred to as the dark continent,
should she still be in that state in this day and time in which we live? Data now travels at
the speed of light and information reaches every nook and cranny of the earth, and I ask,
can some of this not be directed towards Africa? More attention needs to be focused on
educating Africa in the fields of photonics and optics to illuminate her because if mother
earth has got to progress, no part of her or her children can and should be left behind.

Keywords
That Africa may become more enlightened and aware of the ever increasing and
developing array of challenges and opportunities in the fields of photonics and optics.

Summary
If the truth most be told then it would suffice me to say that in the last 60 years, the
growth and rate of development of this field of science has been unprecedented. From
the development of High Speed Optical Tracking in 1956 to Theodore Maimans’ 
demonstration of the LASER in 1960. By 1988 we had the Transatlantic Fibre optic cable
installed and as recent as 2004, the Photocurable Nanoimprint Lithography (P-NIL). If
not already the case, then in the near future, development and innovations in photonics
and optics would have a profound impact on the lives and lifestyles of almost every one
on this planet. Sadly though, in this emerging field of so much opportunities, Africa is still
groping in the dark. As a matter of fact, more than 95% of Africans living in Africa do not
know that there is a field of science known as photonics. The best of optics they know
borders around the refraction and reflection of light within two media –discoveries made
in the 19th century.
This, my friends, is the present day knowledge status of Africa as regards photonics and
optics.
I believe it is time the whole world began to take some thoughts towards educating
Africa in this field of boundless opportunities known as optics and photonics. I believe
that Africa should be given more focus and attention when it comes to the education and
training in optics and photonics. She cannot forever be dependent on the West for every
of her technology and resource. No. There is need for the optics and photonics world to
give a little, not to much, just a little more to Africa. And that little will spread like a
tropical wild fire all across the continent.
Africa really does not need more financial loans and grants or debt relief’s. The kind of 
loans and grants She needs are educational. That is real development and that is what
Africa craves for. A wise men once said that one rich man in the midst of six poor men
equals seven poor men. Educationally speaking, that’s the predicament the world is 
faced with today. If you take the time to find out, you will discover that the percentage of
Africans, actively or passively, engaged in this field is so little and very near
inconsequential. When I speak of Africans here, I speak of native Africans living in
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Africa. This is not because they do not want to be involved. On the contrary, I personally
know over 100 people who would be willing to pay through their noses to receive an
education in this field. The reasons are, in my own point of view, two pronged.
The first reason addresses the ignorant. Many do not even know that such a field exist.
Africa is presently the fastest growing wireless communications end users in the world,
and they do not even know that there is a relationship between wireless communication
and optics and photonics. Today, the fastest growing mobile communications network in
the world, Globacom, is in Nigeria, my home country, and it may amaze you to know that
almost everyone is linked up to this fibre optic network without even knowing the
discipline from which this kind of network stems. That is the level of ignorance we are
faced with in Africa and I believe optics and photonic societies all over the world can do
the least by enlightening Africa of this relatively new discipline.
The second reason is the dearth of opportunities for those who are not in the ignorant
bracket. Young and willing minds are scattered all over the continent eager to follow a
career path in optics and photonics. But unfortunately, most are discouraged largely
because there are next to no institutions where they can study optics and photonics at a
post high school level. I can authoritatively say so because, a few years ago, after
knowing about and personally carrying out our findings on the discipline, I and a few
friends craved to study optics and photonics. Regrettably, we could not find one post
high school institution where we could bring our dreams to reality. I made a couple of
attempts at foreign institutions, but the embassies never believed I could pay for the
tuition as an international student. This led to the finding of The SOCIETY FOR THE
PROMOTION OF PHOTONICS AND OPTICS TECHNOLOGY IN AFRICA
(SPOTAFRIK). If the applications and innovations of this field of study is growing, then
her number of students and study should do the same geometrically, especially in Africa.
In a sentence, that is the objective of SPOTAFRIK.
Having highlighted these myriad of problems that plague the study of optics and
photonics in the continent, it would only be fair to suggest workable solutions that
adequately address these problems.
My first suggestion would be to tackle the problem of awareness. We can work out a
way to systematically bring an awareness of this discipline, its contribution and benefits
to Africa and Africans. A good start would be by organizing a couple of this type of
seminars and conferences in major cities across Africa.
In Africa, if you go to a high school and ask a student what he would like to study after
leaving high school, he most likely would mention disciplines that he is familiar with. So I
suggest we catch them young by holding regular and periodic seminars in high schools
all across the continent, letting them know the benefits of studying optics and photonics
at a higher level. In Nigeria, for instance, working in a telecommunications industry is
considered a well paying job. So partnering with telecommunications companies like
Globacom, SPOTAFRIK is presently working out plans to hold such seminars in select
schools around the country, enlightening the students, and letting them know that their
expertise would be in high demand from companies like Globacom and other
telecommunications giants around the world would should they take up studies in optics
and photonics. This may sound like a carrot and stick approach, however SPOTAFRIK is
open to other suggestions
Secondly, I strongly believe that opportunities should be brought into Africa. As long as
these opportunities remain outside of Africa, they are no more than dreams to those who
seek them. The greatest challenge an African student who wants to study abroad faces
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is the outrageous fees he has to pay as an international student. Unless such issues are
addressed by home institutions, for many Africans, studying abroad will not even be an
option. On the other hand, the reason why most African institutions do not offer courses
in optics and photonics are because they have no trained tutors for them. And even if
they did, bureaucratic bottlenecks would hamper their accreditations as most colleges
and universities are state owned.
Therefore, I suggest that specialized institutes and monotechnics be started around
Africa solely for the teaching of optics and photonics. For tutors, working closely with
organizations like this and SPIE, modalities could be worked out whereby sabbatical
leaves could be spent by their members and volunteer lecturers at such institutes for the
first few years or until such institutes produce graduates that could be retained as
lecturers in the institutes.
These suggestions are not exhaustive and is open to constructive criticism with the aim
of producing better alternatives. Though constrained, organizations like SPOTAFRIK are
working towards directing some optics light towards Africa. All we are asking is for the
rest of the world to join us in making sure that Africa sees the light in optics and
photonics.
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Maximum Impact Flow for Optics Teaching

J. McCarthy*1, R.A. Moore1

1Department of Electronic and Electrical Engineering, University of Dublin,
Trinity College, Dublin, Ireland

Abstract
Optics as a teaching tool is investigated within this paper, with special emphasis on the
proposed use of a Maximum Impact Flow (MIF) in order to stimulate student’s interests. 
MIF introduces a template in terms of individual steps and linked functionality. MIF is
shown to fuse separate learning tools together into a cohesive unit. Prioritisation and
teaching structures are also discussed with the promotion of technology identified as a

Key Words
Teaching, MIF, Template, Structures.

Summary
Introduction
From comic book superheroes to state of the art technology, optics and its influences
can be seen worldwide. Both the teacher and educator need to constantly re-evaluate
teaching tools in order to focus the student on the amazing capabilities and versatility of
optical design. The increased sense of awareness and interest in this ever expanding
area is a challenge that faces us all. Increased stage agency co-operation, use of MIF
(Maximum Impact Flow), and a development in the road map of education that includes
a strong scientific theme are challenges that need to be addressed sooner rather than
later.
The development of the optics industry continues to grow at a staggering pace1,2
In order to address this ever increasing market, it is necessary to have scientists in place
that can play a proactive role in meeting the challenges of the future. This paper outlines
the importance of education as well as the adoption of a fixed template in a learning
environment

Promotion of Technology
The importance of promotion in the photonics industry is vital from both a marketing and
educational perspective. Millions of dollars are spent annually by leading companies and
in the U.S. alone, spending in the fiber optics market has more than tripled this decade
from $4.1 billion in 1990 to $14.6 billion in 19993.
However, little or no investment is afforded to the nurturing and fostering of physics at
the school level. In an era when technology companies are bemoaning the lack of
suitable scientists, it is noteworthy that these same companies fail to see the link
between the student of today and the scientists of tomorrow. It has been shown that
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even the most simple of experiments can stimulate the student into taking an interest
into the basics of photonics4.
Government agencies too, have shown an increasing awareness in this area and many
state funded activities are now in place. However, it is clear that without the help, both in
terms of finance and ideas, then this will not be enough.
It has been shown5 that in an average day there will be countless numbers of
encounters with optical technology. Transferring this real scenario into an educational
tool is a challenge that rests not just with the teacher but all of us. Major advances in the
optics industry are ready to take place6, but realizing this vision will take a reordering of
research priorities, better coordination among agencies and industries engaged in
optical science, and government leadership in focusing the efforts of the research
community.

Experiments
An optical demonstration transforms what could be seen in the classroom as dull ideas
into a vibrant display that can stir the imagination of young minds. Laser shows have
been proven as a vital tool in the education of young student7. Programmes such as
HOO8, allow for development of scientific elements across a broad spectrum of cultures
and environments. Simple experiments are an ideal way to alert the classroom to the
presence of photonics in the modern world9.Reflection, Refraction, and diffraction offer
simple yet effective ways of introducing the ideas of optics into the classroom. These
experiments can be made hands on in order to maximise their impact in the classroom.

One off experiments, while momentarily effective, lacks the necessary momentum to
influence a student’s learning curve. Therefore, experiments and real life situations from
photonics must be adapted for the student’s continuous academic development. Career 
choice is dependant on a variety of factors, or layers, such as environment, family
situation, natural inclinations and outside influences, to name but a few. The use of a
Maximum Impact Flow (MIF) allows a defined template to be adopted in the promotion
and education of optics throughout the student’s life. Many agencies and courses are 
short-term results driven without puncturing their views with long term development
prospects. Adoption of MIF allows one to define the steps necessary in order to provide
future throughput in the areas of optics, and indeed science in general.

Maximum Impact Flow:
Identification of scientific elements (optics) within the student’s environments, i.e. CD 
player, shopping checkout etc

 Fostering this with a series of interactive demonstrations
 Development of this awareness with a series of online programmes
 Cross-Fertilisation–i.e. an optics day at a National Park to re-enforce point 1.

IDENTIFICATION
The task of identification is an important step in the proposed flow. It is used as a
gateway to the other steps and therefore time and effort should be dedicated to
delivering templates of identification within which the educator (parent and teacher) can
work.

FOSTERING
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Showcase demonstrations, as well as hands on-experiments develop the theme of
education through interaction. Linking visual and tactile approaches into the MIF
provides a strong foundation for subsequent development.

DEVELOPMENT
With the continued expansion in the use of the world-wide web, it is of fundamental
importance that strategies are adopted inline with this medium. Online teaching and
demonstrations are suitable for class development as well as the utilisation of
technologies that are otherwise unavailable to the Teacher.

CROSS FERTILISATION
Cross fertilisation allows the combination of diverse areas of interest, such as history,
nature and science, into an effective common learning tool. Education through
appreciation of our natural surroundings, such as diffraction of light in lakes etc, has
maximum benefit from both an environmental and scientific strand. The adoption of
techniques from outside the close confines of the scientific world, allows a greater
access to the student’s mind.

Conclusions
Each stage within this flow has already been identified as vital for the creation of the next
generation scientists and engineers. The combination of these distinct points into a fluid
and useable template gives a structure to this development. Education is essential to
development, and in particular to what we today call "sustainable development."
Sustainable development implies a balance between meeting immediate needs and
looking to the future with a long-term vision. MIF fuses separate learning tools together
into a cohesive unit. Long term results will not be visible for many years, but it is felt that
the template suggested offers a benchmark that can be adopted by parent and educator
alike for the benefit of science.
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Abstract
Lasers have made the revolution in the modern optical technologies but there is hardly
any efforts to take up the basic understanding of laser Physics via laboratory classes at
graduate and undergraduate level. In this paper, a simple experiment for studying the life
time of the upper laser level under lasing condition, the relaxation oscillations,
measurement of threshold current and variation of laser power as a function of current in
a laser diode is presented. The experiment utilizes the readily available low cost
components, a key chain laser and some of the electronics instrument normally available
at any undergraduate laboratory of science and engineering department.

Key words
class room experiment on laser physics, relaxation oscillations

Summary
Introduction
Optics is playing a leading role towards improving the day to day technologies in terms
of precision and speed. This is possible with the extensive use of laser. Lasers have also
become an essential tool now a days in any teaching laboratory at graduate and under
graduate level. However experiments demonstrating some of the basic laser physics
phenomena’s are normally missing from the teaching laboratory. In this paper, simple 
experiments for studying the life time of the upper laser level under lasing condition, the
relaxation oscillations, measurement of threshold current, variation of laser power as a
function of current and the photon life time in a laser diode is presented. These
concepts not only improve the understanding of the laser physics but also helps the
student in realizing the range in which a given laser system can be used efficiently. The
experiments utilize the readily available low cost components, a key chain laser and
some of the electronics instrument normally available at any undergraduate laboratory of
science and engineering department. The key chain laser is to be removed from its outer
capsule carefully so as to connect it to the various circuits discussed below.

Experimental set-up
The first step in operating a laser is to determine the threshold pump and its variation
with the pump. In case of diode laser, the pump is in the form of forward biased current.
For this, the diode laser was operated in cw mode by forward biasing it with a dc power
supply as shown in fig 1a. The variation in laser power was recorded as a function of
current by a power meter or a photodiode (operated in photo conducting mode) as
shown in fig1 b. The current at which the laser output suddenly increases corresponds to
the threshold current for the onset of laser oscillations. While modulating the laser with
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an external source, for pulsed mode, the dc current through the laser has to be
maintained sufficiently above this threshold value so that laser is never driven below the
threshold1. The phenomena of damped oscillations in the laser output around steady
state is termed as relaxation oscillations1,2. It restricts the modulation frequency of a
diode laser and thus limits the bandwidth of systems based on such lasers.

Fig 1. Experimental set-up for recording the variation of laser power as function of
current, a. circuit diagram, b. block diagram. LD; Laser diode, PS; dc power supply,
DMM; digital millimeter and P; power meter,

To measure the relaxation oscillations, the diode laser operating under steady state was
modulated by injecting the additional current pulse in the form of square wave from a
simple circuit1. A square wave signal from the function generator is applied to the current
amplifier3 and the output of the current amplifier is then fed on to the diode laser (already
maintained above threshold) through a Schmitt trigger1. Whenever output of the trigger is
low, current through the diode laser will be more and corresponds to step pump. The
sudden jump in the current (pump) results into relaxation oscillations in the laser output.
If the pulse duration is sufficiently large then the laser will be driven to another steady
state condition during this pump pulse.

Fig 2. Schematic of the experimental set-up for recording relaxation oscillations, LD:
laser diode, CKT circuit for the pump modulation, L; focusing lens, PD photodiode, DSO;
digital storage oscilloscope.

The modulated laser beam was focused on to the photodiode through a convex lens.
The photodiode signal is displayed on to a DSO through a 50 terminator as shown in
Fig 2.
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Results and discussions
The variation of laser power as function of input dc current from the ckt of fig 1 is shown
in fig 3. The output power from the laser suddenly starts increasing at a particular value
of current. Below this, output power is extremely low (this corresponds to the
spontaneous emission only). The value of current at which power of the diode laser
suddenly increases corresponds to the threshold current for the diode laser. We have
observed for the large number of key chain laser the threshold current in the range of
15-25mA.
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The modulated laser out put when a square wave signal is applied from the function
generator (Fig 2) is shown in Fig 4a. Trace (i) of fig 4a is from the photodiode signal
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corresponding to laser pulse and trace (ii) is that of from function generator. The
exponential fit to the marked portion of trace (i) is shown in Fig 3b for the measurement
of damping time to. The damping time to of the relaxation oscillations is given by2

xto /2 (1)

where,  is effective life time of upper laser level and x is the amount by which pump
rate is above the threshold which was measured by recording the current through the
laser diode. The effective lifetime of the upper laser level from the measurement of to
and x were found to be from few microsecond to hundreds of microsecond for various
laser diode. The relaxation oscillation frequency is governed by the expression
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where,c is the cavity photon life time1,2. From eq. 2 it is clear that x has to be set
carefully for a given laser system so as to observe the relaxation oscillations. However,
damping can always be observed whenever pump is suddenly increased above steady
state. The top trace of Fig 5 shows one such relaxation oscillations recorded with the
set-up of fig 2. This data was fitted to damped oscillatory function to obtained the
relaxation frequency and the cavity life time c. We could observe the relaxation
oscillations in the range of few kHz to around MHz by using large number of locally
available low cost diode lasers. The photon life time estimated from the fig 5 was 130s

Fig 5. Relaxation oscillations in the diode laser.

Though an analog oscilloscope can also be used for performing the experiment but for
the measurement of damping time and oscillations frequency a DSO is recommended.

Conclusion
We have demonstrated that with the help of simple circuitry and a key chain laser the
threshold current, relaxation oscillations damping time and upper laser life time can be
easily measured in the teaching laboratory.
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Flexible training in Optics and Photonics an open window towards a modern
society
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Abstract
Characteristics of the education in optics in Romania in the last 15 years are discussed
in a comparative way from a traditional system to the new ever changing proposals. The
discussion concerns the situation in the previous time and recently, comments and
problems to be solved. There is a recession all around the world as concerns the choice
for a career in science and this is what we have to think about and try to find, what to
do?
This is not new that Romania continues to offer qualified work force for other countries,
as the best students leave for western or US universities. In the former time physics and
electronics were the faculties, which attracted the option of the best students, as the
career in science and high level education was of high prestige. The things are different
now, when there are other more attractive careers as business, show biz, media etc.

Key words
optics in Romania, education, scientific activity, complementary policies, project,
Bologna declaration, qualified work force, private system of education, responsibility,
professionalism, coordination, cooperation, respect, brain drain, migration
quality of life,

Summary
This talk tries to discuss from the point of view of the scientist involved in the research
activity, based on its experience as project coordinator, team leader, its task in the
continuation of the education regarding the formation of young scientists.
The author’s experience as regards the education in optics resulted, besides the
scientific activity, from the academic one with last year students from the Physics
Faculty, the participation in the organization of the module franco-phone with the
ENSAIS (Ecole Normale Superieure d’Art et Inginerie de Strasbourg) member in the 
organization of the International Conference of Optics ROMOPTO, advisor professor for
Romania SPIE Student Chapter, the activities in the frame of the civil society.
The last 15 years due to the liberalization of the relationships in all the fields, the science
included, the possibility to develop mobilities and working stages in the laboratories from
the western countries, to confront the education level from an Eastern European country
to the level in western countries, represented new challenges that deserve to be
discussed and considered.
In the field of science and research the European Union is creating the European
Research Area. ERA is a broad vision for research in Europe aimed to lead at better
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coordination, more cooperation and improved complementary policies and programmes
of all relevant participants. The EU’s final objective is to contribute to the 
competitiveness of European industry and improve the quality of life of its citizens.
The moment of the unified Europe is not far so it’s pretty time to think to the common 
language we’ll speak very soon; this language is not, of course, English, French, 
German or others but the common scientific language according the common accepted
rules. There are many different countries in Europe each having its own traditions, rules,
experience, good or bad, it depends on the commonly accepted system of reference.

For many years in the time of the cold war the investment in science was justified
because of the concurrence between the two political systems and the suspicion
between them was the force to push the things forward. The science was a field of high
prestige and justified priority in investment.
Is the present system of investment in science more efficient? We spend a lot of time to
finish a project, to be submitted and evaluated according established criteria and this
lasts sometimes quite long time till the project is selected for financial support, not
always the teams of scientists could match and accomplish complementary activities.
Not always the time spent for real scientific activities is sufficient, as new projects have
to be prepared in order to assure the continuation of the scientific process. Very often
the feeling of a virtual and not real activity is a done. A lot of people complain because
the majority of time is spent for bureaucracy and not real scientific activity; seems to be a
virtual and not a real activity. This is not to regret the old times but probably there
are too many changes and the system is not yet the optimal one.
When I was young, I spent almost all the time in the laboratory, in front of the
instruments, evaluating and comparing results, trying to deeper know the magic of the
phenomenon, the dialectic report between cause and effects ; now people is discovering
the magic of the computer and, for sure, we can’t any more think science without it. Now 
almost all the time is spent before the computer to prepare projects, or write reports and
financial reports…. 
The people we educate, I mean our young colleagues are not so obedient as probably
we have been as young scientists at the beginning of our career, so we do not represent
a model for the majority of them, they want to be themselves, they have stronger
personalities, become faster matures and are able to move faster then us, as the
concurrence, the pride of young people, their flexibility are qualities to assure the
success. Young people have to be financially motivated to be involved in the scientific
activity, but thiskind of activity doesn’t move so fast to benefits as other kind of activities.
In Romania we are looking for the capital, but capital doesn’t mean only accounts in the 
banks, shares in the industries, oil, construction companies, but scientific, technical
economical knowledge means capital, as well. This capital is the brain of
scientists, engineers, administrators and other participants to the improvement
process of the life of the citizens.
The education nowadays has to be very flexible, according the needs of the society, but
this society will be very nonhomogeneous in the near future Europe, as the economical
level is different in Europe’s countries and so will be for the years. The economical level 
is not only the single barrier, but there are cultural differences, specific features for each
people and for sure the fair competition, the complementarities, the respect for the real
values have to be the background of the education in Europe and all around the world, in
order peoples be able to construct a better life on Terra.
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The Declaration of Bologna (make compatible the education system in each country
with the European one) is applied since this year in Romania, but there are countries in
which the system is very much controversial.
On the occasion of the visit in Bucharest of some representatives from the Department
of Fundamental Studies from the Center of European Studies of Strasbourg (Laurent
Mace and Roger Francois Gauthier) even in France, quite a closed system (according
R.F. Gauthier) to find the best solutions of education is an interest in progress; the
results are to be expected in the years to come. I hope all together, having better
knowledge about each other’s expertise could contribute to find the best ways to 
improve the education in general, in optics particularly.
I think it is necessary all the specialists to think in the market economy spirit and in this
respect the curricula have to be established according to such imperatives.
The students in science and engineering have to receive an education much closer to
the practical activities and to develop activities not only in the very low endowed
laboratories from the physics faculties, but be engaged in complex teams with senior
scientists.
The prospect of young scientists and PhD students to work in the frame of EU or NATO
projects is a good opportunity to increase their expertise and the responsibility.
Unfortunately to be lucky to have the support for such a project is a very long and hard
work and very time consumption.
The students have to be stimulated to take their own responsibilities in the scientific
process by direct involvement in the design, realization and characterization of some
products. The report is an important step in the scientific education and in this respect
the participation in the seminaries, international conferences is a need.
There is no more pure sciences but rather interdisciplinary ones and in this respect the
expertise has to be extended to cover knowledge upon several branches. In the last
years new curricula have been proposed but not really necessary and connected to the
practical activities. Not all the students develop activities for which they are educated but
different others. The rigor of education is much less than in the former time, when there
were much limited opportunities. This doesn’t mean we complain the former time as 
political system but the organization was more serious and the knowledge deeper than
today.
It is necessary in my opinion a closer communication between the universities and the
high schools, the future students to be able to take the good decisions for their
profession according their real skills.
The population is decreasing more and more there are less young people candidate for
high education and too many teachers who fight to keep their chairs making compromise
to the quality. The liberalization of the education in Romania had as a consequence a
huge increase of the private education system using the same professors from the
traditional universities; such universities have higher financial possibilities and could
move easier. Unfortunately there are too many private universities in unknown places
who produce university titles for many politicians or business people, who afford to pay
for such titles.
The most serious phenomenon, with which is confronted Romania and many other
countries, as well, is the brain drain, the migration of high qualified people to US or
western countries for better working conditions and higher incomes. Generally PhD
students accepts jobs in the host countries and do not return back. There are fields in
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the national economy, where the activity had been stopped, or new jobs, interdisciplinary
ones are not yet available. A better coordination could be a solution.
Romania is one of the country, with best results concerning the participation scholars in
the international contexts in mathematics, information, physics and chemistry and many
of them are invited to continue the education in US universities.
Unfortunately, the politics is too important nowadays and not the real expertise.
This conference could be an opportunity for all of us to find better solutions to improve
the education in optics, to assure a real continuation of the education process in a
context close to the needs of the modern society, based on professionalism, respect and
open mind.
This could be the proposal for the future language of the Unified Europe.
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Why did we elaborate an entangled photons experiment in our engineering
school?

Lionel Jacubowiez, Thierry Avignon

Institut d’Optique, Ecole Supérieure d’Optique 
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Abstract
We will describe a simple setup experiment that allows students to create

polarization-entangled photons pairs. These photon pairs are in an entangled state first
described in the famous 1935 article in Phys.Rev by Einstein-Podolsky-Rosen, often
called E.P.R. state. Photons pairs at 810 nm are produced in two nonlinear crystals by
spontaneous parametric downconversion of photons at 405 nm emitted by a violet laser
diode. The polarization state of the photons pairs is easily tunable with a half-wave plate
and a Babinet compensator on the laser diode beam. After having adjusted the
polarization-entangled state of the photon pairs, our students can perform a test of Bell’s 
inequalities. They will find the amazing value for the Bell parameter between 2.3 and 2.6,
depending on the quality of the adjustments of the state of polarization. The experiments
described can be done in 4 or 5 hours.

What is the importance of creating an entangled photons experiment for our
engineering students?

First of all, entanglement concept is clearly one of the most strikingly nonclassical
features of quantum theory and it is playing an increasing role in present-day physics.
But in this paper, we will emphasise the experimental point of view. We will try to explain
why we believe that for our students this lab experiment is a unique opportunity to deal
with established concepts and experimental techniques on polarization, non linear
effects, phase matching, photon counting avalanche photodiodes, counting statistics,
coincidences detectors.

Let us recall that the first convincing experimental violations of Bell’s inequalities 
were performed by Alain Aspect and Philippe Grangier with pairs of entangled photons
at the Institut d’Optique between 1976 and 1982. Twenty five years later, due to recent 
advances in laser diode technology, new techniques for generation of photon pairs and
avalanche photodiodes, this experiment is now part of the experimental lab courses for
our students.

Keywords
Bell inequalities, entangled states, nonlinear optics parametric processes, photon
counting, polarization
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Summary

Figure 1 : experimental set-up

1. Principle of a Bell inequalities test
EPR “gedankenexperiment” with polarization entangled photons, first presented by 
Bohm, is shown on the next figure. Polarization state of the entangled photon pairs
created by the source is:

 1
2 I II I IIEPR

V V H H  

Figure 2 : Einstein-Podolsky-Rosen-Bohm « gedankenexperiment » with photons.

On both sides, each photon is analysed by a polarization beam splitter cube. The result
of this measurement is + 1 if the photon is detected with a vertical polarization in
direction a (or b on the other side), or -1 if the photon is detected with a polarization
perpendiculare to direction a (or b on the other side). One can measure the probabilities
of simple detections or the probabilities of double simultaneaous detections with different
orientations of the beam splitter cubes.
The correlations between the results on the polarization tests, for any directions a and b
of the analysers can be defined by :
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( , ) ( , ) ( , ) ( , ) ( , )I a I b I a I b I a I b I a I bE I a II b P V V P H H P H V P V H   

If there is not any correlation between the two measurements: ( , ) 0E I a II b  .

At the opposite extreme, if ( , ) 1 or -1E I a II b  , the correlation is perfect.
For an EPR pair of entangled photons, Quantum Mechanics predicts:

 ( , ) cos 2( )E I a II b a b 
Then if you measure the Bell parameter given by :

       ( , ', , ') , , ' ', ', 'BellS a a b b E I a II b E I a II b E I a II b E I a II b   

with the orientations shown on the next figure, you should obtain (a,a ', b, b ') 2 2BellS  .

Figure 3: Orientations which give the maximum conflict between Bell inequalities and

Quantum Mechanics For
  , , ' ', 22 5a b b a a b   , (a,a ', b, b ') 2 2BellS  (Q. M.)

Bell famous theorem states that any Local Hidden Variable Theories will give:
2 (a,a ', b, b ') 2BellS 

With the simple setup experiment that we decided to build in our engeneering school,
our third year students can create polarization-entangled photons pairs and perform a
test of Bell inequalities in 4 or 5 hours.

2. The source of polarization-entangled photon pairs
Entangled photons are created by type I spontaneous parametric

downconversion in BBO (-Borate de Baryum) non linear crystals. The pump, a 60 mW
at 405 nm blue diode, gives 810 nm entangled photons.
We use two crystals, 5 mm x 5 mm 0.5 mm thick) cut with their crystal axis at 30° from
normal to the large face. For this angle the indexes are:

ne à 405 nm = 1.65777 ne à 810 nm =1.62854
no à 810 nm = 1.65998 no à 405 nm =1.69172

In a downconversion process, energy and photon momentum are conserved:

p s i

hc hc hc
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p s i

n n n
u u u

  
 

  

With these indexes, we expect type I phase matching, which means that an
extraordinary polarized pump photon will create two ordinary polarised “daughter 
photons”. 

I a
I a’

II b

II
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We select “degenerate” daughter photons, those which have the same wavelength: 
2signal iddler pump    .

So :

0

405 810

2 cos( , )e
pompe s p

nm nm

n n
u u u

 


 

1

0

( , ) cos ( ) 2 57 'e
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n
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Degenerated Photons pairs are emitted in a cone of angle about 3° around the pump
direction.
To produce polarization entangled pairs of photons, we use two identical crystals,
rotated by 90° from each other about the pump beam direction. In this configuration, 45°
polarized pump photons can downconvert in either crystal (but it is not possible to know
in which crystal the photon pairs were created!).

Figure 3 : two crystals downconversion source

3. Detection of the polarization-entangled photon pairs
Downconverted photons are collected by two lenses (focal : 75 mm, diameter :

10 mm) at about one meter from the crystals and focussed on single photon counting
avalanche photodiodes.
Filters at 810 nm, 10 nm width, are placed just in front of each lens. Polarization is
analysed by rotating the half wave plates in front of the polarization beam splitter cubes.
Black plastic tubes prevent from stray light and protect single photon counting modules.
For each detected single photon these modules give a 25 ns TTL pulse which is sent to
a simple coincidence detector. The coincidence window is 30 ns width. We have 3
counters to measure both single detection rates and the coincidence rate.

In our experiment, for single detection rates of about 23000 on each side, we
detect about 1600 coincidences per second.

4. Adjustment of the EPR polarization state

For a rectilinearly polarised pump at 45°, the pump photons state is
1

( )
2pump

V H  

and two downconversion processes are equally probable:
1

2

Downconversion in the vertical crystal :

Downconversion in the horizontal crystal :

i
I IIpump

i
I IIpump

V e H H

H e V V
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Thus the photon pairs are in the superposition state:

 1
2

i
I II I IIphoton pair

V V e H H  

where = is a the phase which depends on many different parameters
(wavelengths of pump and downconverted photons, for example).
This state leads to a detection probability of coincidence for both analysers oriented at

45 ° :
 45 45

1
( , ) 1 cos

4I IIP V V    

If= 0, entangled photons are actually in the EPR state as defined before .

If =  45 45( , ) 0I IIP V V   , entangled photons are in the state :

 1
2 I II I IIEPR

V V H H  

If = there is not any correlation between the polarization measurements in the
diagonal base :

45 45( , ) 1/ 4I IIP V V  
To perform a Bell test, it is very important to adjust precisely this phase between the two
possible dowconversion processes.
We have decided to control this phase by a Babinet compensator on pump beam. It is

possible to measure 45 45( , )I IIP V V  versus the position of the Babinet compensator when
both analysers are oriented at 45°. Thus, we adjust precisely the Babinet to obtain a
maximum number of coincidences per second in this configuration

5.Bell’s Parameter Measurement  
The Bell parameter is obtained by the measurements of 4 coefficients of correlation,

( , )a bE V V :
       ' ' ' '(a, a ', b,b ') , , , ,Bell a b a b a b a bS E V V E V V E V V E V V   

Each of these coefficients needs 4 coincidence rate measurements, n(a,b).
( , ) ( 90, 90) ( , 90) ( 90, )

( , ) ( , ) /

( , ) ( 90, 90) /

( , ) ( , 90) /

( , ) ( 90, ) /

total

a b total

a b tot

a b tot

a b tot

n n a b n a b n a b n a b

P V V n a b n

P H H n a b n

P V H n a b n

P H V n a b n

       


  
 

 

( , ) ( 90, 90) ( , 90) ( 90, )
( , )

( , ) ( 90, 90) ( , 90) ( 90, )a b
n a b n a b n a b n a b

E V V
n a b n a b n a b n a b

      


      
In our experiment, we measure these coincidence rates in 15 seconds each. We obtain

(a, a ', b,b ') 2,48BellS  with a standard deviation = 3.10-3 . This result is in complete
disagreement with any hidden variable local theory.

6. Short Conclusion
Since the eighties, the EPR paradox is no longer a “gedankenexperiment”. Now, it has 
become a very exciting lab work for students. We believe it is enlightening not only for
quantum mechanics knowledge but also in many different fields of modern physics.
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Virtual FTIR spectrometer and 3D visual display for a course in molecular
spectroscopy

Lionel Bertrand, Sylvain Lefebvre, Serge Bernier, Dominic Villiard, Marie-Josée Leblanc
and Stéphane Proulx1

École Polytechnique de Montréal, Montréal, Canada
1Media42, Montréal.

Abstract
The use of a visual 3D display and a virtual spectrometer for the teaching of a course in
molecular spectroscopy presents new possibilities. All the movements of the molecules
are shown along with their relations with their characteristic spectra. The virtual
laboratory simulates a true commercial spectrometer as well as a software of
recognition. All the students simultaneously follow the laboratory under conditions very
close to the reality of a modern industrial laboratory.

Keywords
Virtual laboratories ; simulation of a spectrometer ; molecular mode vibrations; infrared
spectra library ; spectrum recognition ; student tracking.

Summary
Teaching a course in molecular spectroscopy is not an easy task. First, we must use
concepts of molecular symmetry to relate the observed spectra to the quantum
properties of the molecules, such as the creation or the modification of an electric dipole
moment or the quantified energy levels. The visualization of these 3D symmetry
properties is not easy, and the use of sticks and ball models has become complicated
and obsolete today.
Second FTIR spectroscopy now involves very expensive equipment and signal
analysers. Teaching laboratories often lack the number of spectrometers required for
teaching large groups of students, and, even less, the expensive software to analyze
and recognize the spectra. The result is that the students are not trained with modern
apparatus and under the conditions normally met in their future work place. Sometimes
they are also obliged to apply concepts in the laboratory, which they will learn only later
in class.
The development of the information and communications technology (ICT) enables us to
conceive the teaching of such courses differently. The first problem is easily solved by
developing a 3D visual display with the six degrees of freedom which describe the
translation and the rotation of the whole molecule. Moreover, the 3N minus six (or five
for linear molecule) degrees of freedom of a N atoms molecule can also be illustrated,
showing all the movement of the atoms. So we can simulate the normal modes of
vibration of a molecule or of a group and correlate them with their spectra. We have
done this with the Java 3D language, and using the spectra from the National Institute of
Standards and Technology (NIST) site. Several molecules were simulated, so that all the
symmetry operations are presented, as well as some normal modes of vibration of
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different molecules and radicals. For each movement, its characteristic spectrum is
shown. Some examples will be presented during the presentation.
The second ICT application that we developed is a virtual FTIR spectrometer. As in all
the virtual laboratories which we have developed, this spectrometer is as close as
possible to a real commercial BOMEM® 100 spectrometer which we have in our
laboratories. The idea is that the virtual laboratory will enable the student to operate
such an apparatus very well when he meets it, or it can be used as practice for a future
real laboratory (for an examination for example). We begin by showing a 3D animation
which makes it possible for the student to have an idea of the real dimensions of the
spectrometer and to stop at a detail which he wishes to observe better. He starts the
apparatus and proceeds as if he were in front of the real spectrometer. All the operations
necessary to obtain a spectrum with the BOMEM® 100 are simulated, including the
nitrogen purge, the sample holder handling as well as the change of the samples, the
scan, and the Fourier transform of interferograms. We can also zoom the spectra,
compare them visually, add or divide different spectra. Almost all the functions used by
the real software are simulated and applied to a few spectra. This point is important
since we are not obliged to remake the software completely. We merely simulate their
results for some spectra. It is indeed only a question of showing to the students what
they can do with the spectrometer. The Fourier transform, data sampling and processing
usually used with a FTIR spectrometer are simulated. Moreover, we simulate a pattern
recognition software which makes it possible for the student to rapidly determine to
which family of molecule the measured spectrum (alcohols, acids, esters, amines etc.,
or even more complicated molecules like polymers) belongs. This last point represents
an important improvement on the real laboratory, since we do not have a pattern
recognition software as it is too expensive for a use in a teaching laboratory.
A library representative of the principal families of molecules ( a hundred spectra) was
assembled using spectra obtained from various references. The student practises the
acquisition of the spectra with some real spectra obtained with the BOMEM® 100
spectrometer. Finally he must identify an unknown molecule starting from its infra-red
spectrum.
To be as close as possible to reality, experimental missteps are possible (wrong sample,
distorts step, error of family of molecule). They are indexed in another site, only
accessible to the professor.
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Abstract
Polarization interferometry is normally not a regular topic in the class room at graduate
level. Therefore a polarization heterodyne interferometer similar to a Michelson
interferometer using polarizing components is discussed in this paper to demonstrate the
interference of two orthogonal polarized beams. The measurement of the phase shift as
a result of orientation of polarizer is performed by recording corresponding fringe shift.
The theoretical expression is also presented using Jones calculus for the fringe shift as a
function of azimuth of the polarizer. The experimental set-up is simple and can be very
well incorporated in the teaching laboratory.

Summary
Polarization interferometry is normally not talked about at graduate level neither in theory
and nor in laboratory. The students go with the concept that two different polarized light
always result in a fringe free pattern. In this paper, a simple configuration similar to
Michelson interferometer using polarized components is reported for the interference of
two orthogonally polarized light in the class room. The measurement of the phase shift
as a result of orientation of polarizer is performed. The theoretical expression is also
presented for the fringe shift as a function of azimuth of the polarizer.

The common method to realize relative phase shift in an optical beam of the Michelson
interferometer in the class room is by physically changing the optical path of one of the
arm of the interferometer either by translating mirrors or by introducing the optical
surfaces in the form of glass plate1 in a controlled way. This phase shift is observed
either in the form of fringe shift or some modification in the interference pattern. With one
or more rotating polarizing components viz; polarizer, quarter wave plate or half wave
plate, phase shift can also be observed2-5. In this paper, we report the effect of azimuth
angle of polarizer in the output plane of two orthogonally polarized interfering beams
from a heterodyne interferometric setup. The experimental set-up presented below is
simple and can be handled by the graduate students independently.

Experimental setup and Theory
A collimated laser beam was launched into an interferometric setup, as shown in fig.1.
The polarizer P1 was aligned at 450 ensures 50-50 splitting of light from polarizing beam
splitter (PBS). The transmitted beam (only p-polarized light) from PBS passed through
Quarter Wave Plate Q2 (QWP at 450) converted into right circularly polarized (r.c.p.)
light. The r.c.p. beam reflected from mirror M2, became left circularly polarized (l.c.p.)
and passed back through Q2. It turned into s-polarized light and reflected completely
from PBS. The reflected beam (only s-polarized light) after passing through Q1, M1 and
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back from Q1 is converted into p-polarized light finally transmitted through PBS. So two
orthogonal linearly polarized beams came out at the output of PBS. These orthogonal
polarized beams produced fringe free pattern. To obtain the fringes, beams were passed
through the third QWP Q3 and then through the polarizer P and the interference pattern
was finally recorded on to CCD.

Fig.1. Experimental setup for phase shifting interferometry; Q1, Q2 and Q3: quarter wave
plates, M1, M1: mirrors, P1, P2: polarizers, PBS: polarizing beam splitter, CCD: charge
coupled device.

For analyzing the effect of the azimuth angle of polarizer (and hence the phase shift)
onto the interferograms, Q1 to Q3 were aligned at 450 with respect to polarization plane of
the incident beam on the respective QWP’s and P2 was rotated. The resultant intensity
at output plane can be shown to be given by6,7

I =
a

Sin y
2

4
1 2 ( )  (1)

Where spatial frequency 
 



2 1Sin

, 1 is the angular separation between the two

interfering beams which can be controlled by the tilt of mirror M2, M1 being kept for the
normal incidence. From above equation, if the analyzer is rotated by then 2phase
difference is introduced between the two interfering beams and there will be
corresponding fringe shift in the interference pattern, which is recorded onto CCD. The
condition for minima for the nth order fringe from equation (1) is 2  y = (2n ½)π. If
the spatial frequency is kept constant then the location of fringe for any particular
order will change linearly with respect to the azimuth angle. The fringe shift is used to
measure the corresponding phase shift as a function of which will also vary linearly
with .

Results
The recorded interference patterns for = 00, 450, 900, 1350, 1800 on to CCD are shown
in the fig.2. (a), (b), (c), (d), (e) respectively. From fig.2, it is clearly observed that 1800

rotation of the analyzer gives one fringe shift confirming an additional phase difference
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of 2is developed between the two interfering orthogonal beams. The plot of measured
phase shift versus the azimuth of analyzer () is shown in fig.3 The plot confirm that the
phase shift goes linearly with the azimuth of analyzer P2.
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Fig.2. Interference pattern recorded onto CCD for (a) = 00, (b) =450, (c) = 900,
(d)=1350, (e) =1800. (b) variation of phase shift as a function of azimuth of output
polarizer.

Conclusion
We have experimentally observed the phase shift between the two orthogonal interfering
beams using the set-up similar to Michelson interferometer and a quarter wave plate and
an analyzer (rotating) at the output of the interferometer. We have recorded the
interference pattern on to CCD and measured the fringe shift. The experiment can very
well be performed using a photodiode mounted on the translation stage in place of CCD.
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Going beyond "Highly-Qualified Personnel" to "Value-Added Personel"

Marc Nantel, Bradley Fox, Leanne Gelsthorpe, Roxy Hamilton, Robert Marshall, and
Guida Williamson
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Toronto, Ontario, Canada

Abstract
Employers clamour for more "Highly-Qualified Personnel" (HQP) to hire, and photonics
is no exception. The challenge facing all new graduates lies in what actually constitutes
a Highly-Qualified Person. Yesterday, an HQP was often understood to be a graduate
with a Bachelor's, Master's or Ph.D. degree. Today, industry is demanding that an HQP
be either a university or college graduate with strong academic standing AND a sound
business and communications skill set. In this paper, we introduce the concept of
"Value-Added Personnel" (VAP), which marries both scientific and "soft-skills" aspects,
and we present a new program in Ontario to produce VAPs.

Summary
The concept of "Value-Added Personel"
Helping students grow into Highly-Qualified Personnel (HQP) remains one of the key
objectives for universities. The challenge facing all new graduates these days lies in
what actually constitutes an HQP. In its study of March 2004, "The Economic
Contribution of Canada’s R&D Intensive Enterprises 1994–2001", Barber and Crelinsten
state that, “The skill set of graduates is too narrow.  The commerce-averse culture
inhibits them from learning management, teamwork, marketing, customer relations and
other commerce-related skills so necessary to excel in an R&D-intensive firm that
competes globally”.  They conclude in their summary that “the key issues facing R&D 
Leader firms in Canada today are the need for commerce-competent, highly-skilled
graduates…”.1 A recent Canadian Manufacturers and Exporters (CME) Report lists
similar skills as those most in need of improvement, in the opinion of employers. While it
is the job of universities and colleges to teach their students to be scientific and technical
experts, they rarely cultivate the critical skills required for a smooth and rapid integration
of the graduate as a productive and competitive member of the workplace.

As a non-profit company funded by the Government of Ontario to stimulate job creation,
wealth generation and economic growth in the Province, the Ontario Centres of
Excellence (OCE) has been funding research in Ontario universities for almost 20 years.
In doing so, it has supported graduate students in various scientific and engineering
fields concentrating on photonics, environmental sciences, information technology,
energy, manufacturing and materials. In a review of the programs offered by OCE, and
based on an OCE student survey conducted in 2003, it was evident that although key
programs were in place to enable students to interact with industry, students felt they required
a set of soft skills that would better prepare them to work with industry. On the basis of
stakeholder and student demand, OCE has therefore advanced a new program of study for
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graduate students who are intent in becoming more effective, to be Value-Added Personnel
(VAP).

The ultimate goal of the VAP program is to enhance the innovative capacity of firms and
organizations by building the networking, presentation, management and entrepreneurial
skills of students so they will be employees who:

- Are technically superior and therefore require less internal training;
- Possess an entrepreneurial and innovative skill set;
- Possess good project-management skills;
- Have an existing network of contacts and know how to expand it;
- Understand the market and the forces influencing it;
- Understand the business environment; and
- Understand global issues/competitiveness.

Surveys of students and employers:
With this goal in mind, we have surveyed OCE-sponsored graduate students and
companies from our OCE database. The following key results of the students and
employers surveys confirm the need for soft-skill training of Ontario graduates:

1) Most of the respondents were at the Master's and Ph.D. level, the target group
for OCE’s Advanced Graduate Toolkit and Value Added Personnel Program.   
83% of the respondents agree that it is important for them to take courses to
improve their professional or soft skills.

2) 80% of respondents are interested in learning more about the Advanced
Graduate Toolkit as it becomes available. This confirms the demand for such a
program and OCE will proceed with the launch of its new program this fall.

3) 97% of employers agree that the skill-sets OCE is targeting with the Advanced
Graduate Toolkit are important for the company’s competitiveness, again 
confirming the need for the program.

4) In the subjects of "Entrepreneurship and Market Readiness", "Management and
Supervision" and "Networking and Communications", the majority of employers
agree that graduates today are insufficiently trained. Much of the learning of
these skills is currently obtained on the job. Companies confirm that a graduate
who can “hit the ground running” with a complete set of technical and soft-skills
will contribute to more competitive company.

The " Advanced Graduate Toolkit" (AGT)
Providing this additional skill set is the foundation for the Advanced Graduate Toolkit
(AGT), the main component of the VAP program. In order to obtain the "Advanced
Graduate Toolkit" certificate, a graduate student would have to undertake OCE activities
targeted at several of these skills.

Requirement of the VAP program Pilot:
1) Taking the "Core Courses" in each categories;
2) Master's student: only the four core courses are required; Ph.D. students have to

add a minimum of 2 electives;
3) Participating and present at the VAP presentation competition;
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4) Participating and present at a minimum of one other conference (post-conference
report required).

Our goal is to have 60 students on average in each program. Many of the AGT
components below have yet to be designed and implemented, and OCE has set aside a
$300,000/year budget to make this happen. The new components will be rolled out over
a two-year period. The list of courses and the categories in which they are classified are
the following:

- Business Development and Market Knowledge
o Core course
o Intellectual Property Workshop
o Commercialization Workshop
o Marketing and Sales
o National and international Knowledge Transfer Program

- Business and Entrepreneurship
o Core course
o Business Planning Workshop
o Strategic Planning Workshop
o Business Etiquette Workshop
o Ethics Workshop

- Management and Teamwork
o Core course: Team-based OCE Project Management course
o Management/Supervision Workshop
o Leadership Workshop
o Negotiation Skills

- Networking and Communications
o Core course: Communications/Presentation Skills Workshop
o Career Management Workshop
o Emotional Intelligence

- Non-AGT elements supporting the AGT:
o Presentation competition (OCE event, Winter)
o Annual OCE-wide Student Presentation Event (Winter)
o Student newsletter
o Resume posting on OCE website
o Alumni-tracking Database

We intend to offer the VAP program to the OCE-funded students only at first, and to
extend it later on to any graduate student in Ontario (and beyond).

The feedback from our stakeholders –students and industry –has been very useful to
us for setting the agenda of the Advanced Graduate Toolkit and the Value Added
Personnel Program. In particular, we added courses in Ethics, Business Etiquette and
Emotional Intelligence as a result of survey contributions. We are currently in the
process of requesting proposals from curriculum developers and training suppliers to fill
our ambitious line-up of courses. While we expect to launch this program officially in the
Fall 2005.
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Introduction of advanced optics research to laboratory-experimental course for
undergraduate teaching
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Abstract
“Specialized Physics Experiments” is a significant laboratory-experimental course for
Bachelor Degree in the Applied Physics discipline. In this paper, the introduction of
advanced research in volume holographic storage to an integrated experiment of the
course is presented. The results show that by introducing sophisticated experiment,
which contains contemporary optics, mechanics, electronics, and computing, to the
course experiments, the knowledge and technical abilities of undergraduate students
can be effectively extended. This presents a model of combining scientific research
projects with undergraduate teaching.

Keywords
laboratory-experimental course, specialized physical experiments, advanced research,
volume holographic storage, undergraduate teaching

Summary
For the past several decades optics and photonics have been playing more and more
important role in all sectors of modern society. Therefore, education and training in
optics and photonics must meet the growing demands of widely-diverse fields of
science, high technology, and modern industry, bring up students to the next-generation
technicians, engineers and scientists. This is the main task of the Applied Physics
discipline at Beijing University of Technology (formerly known as Beijing Polytechnic
University). In order to realize this task, practice teaching, including laboratory
experiments of various levels, are necessary in addition to lectures. “Specialized Physics 
Experiments” is a significant laboratory-experimental course for Bachelor Degree in the
Applied Physics discipline，which is designed to deepen the understanding of
specialized knowledge and develop the practice abilities and scientific quality of the
students.
As a laboratory at a local university in a developing country, our Specialized Physics
Course Lab was poorly equipped before the year of 2000. In the optics and photonics
fields, it could only provide traditional experiments such as simple coherent optical
processing (image subtraction, character recognition, etc.) with dated laboratory
instruments. On the other hand, since 1996 when the University entered the 211 Project
(a government - driven project to concentrate resources on some 100 key high-
education institutions and disciplines towards the 21 Century), it is considered to be
among the top 3% of the HEIs in China. During the implementation of 211 Project, the
University was more funded, and its scientific research and postgraduate teaching have
been well developing. The research group of Optical Information Processing and
Holography engaged in many research projects in the field of holographic storage and
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achieved good results. In this situation we tried to introduce advanced research to
laboratory-experimental course for undergraduate teaching. The first attempt is to
upgrade the Specialized Physics Experiments by adding an item, Angle Multiplexed
Holographic Storage, into the course.
In this experiment the object beams carrying image information interfer with different
angled reference beams, so volume holograms are recorded inside an iron doped
LiNbO3 crystal. After recording the stored information is retrieved from the crystal. The
recording and reply of the holograms are all controlled through computer interfaces. The
purpose of this experiment is to enable students to get knowledge of the mechanism of
holographic information storage with photorefractive crystals, to master the computer-
based experimental method in holography, and to get experience with state-of-the-art
optoelectronic devices. Figure 1 shows the experimental setup.

Fig.1 A schematic diagram of the experimental setup. M: mirror, HWP: half-wave plate,
PBS: polarization beam splitter, SF: spatial filter, SLM: spatial light modulator, FT:
Fourier transform lens, Detector: image detector array (CCD) or power meter, PC:
computer. Solid lines indicate light beams, and dashed lines indicate remote control
through computer interfaces.

According to the experiment guide, the students are required to do the following:
1. Record a volume holographic grating in a Fe:LiNbO3 crystal by the two-wave

mixing configuration, and acquire the kinetics of grating formation by means of
computer-aided sampling of the diffracted power;

2. Process the data from the acquired writing curve, and calculate the holographic
parameters of the crystal such as maximum diffraction efficiency, writing time
constant, saturated index modulation, and sensitivity;

3. Read out the recorded grating by scanning the reference beam, and acquire the
diffracted power as a function of the readout angle;

4. Process the data from the scanned curve and obtain the angular selectivity of the
volume hologram in the crystal, compare the result with the theoretical
expectation, and evaluate the storage ability of the crystal for angle multiplexing
of holograms;
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5. Record holograms of images displayed on the electric-SLM, and sample the
reconstructed images through a CCD detector, observe .the fidelity of the
retrieved images.

It is obvious that this is an integrated experiment consisting of training in information
optics, optoelectronics, electronics, mechanics and computing. Through the experiment
the students get experience with opto-electric conversion, A/D and D/A conversion, data
and image acquisition, and relevant state-of-the-art devices such as the high-resolution
liquid crystal SLM, and the high-resolution, low-noise CCD. Thus the knowledge and
technical abilities of undergraduate students can be effectively extended. Furthermore,
course experiments like this evoked the interests of students in optics and photonics,
encouraged some of them to pursue further study in these fields. So, the introduction of
this experiment is beneficial to both the undergraduate and the postgraduate teaching.
Also, this presents a modal for the incorporation of scientific research into teaching, and
the sharing of the educational resources of postgraduate teaching with undergraduate
teaching.
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Abstract
Education reforms are being implemented in many countries. The type and extent of the
reforms vary significantly but share the increased significance given to Science
Education that is becoming a major constituent of school curriculum. As well Technology
Education is gaining more importance. Among the different fields of Science and
Technology, Optics and Photonics have a major ever-increasing importance. In direct
relation to development and economical growth questions, but also in our every day life.
It is fundamental today to raise the importance of Optics in school syllabus and
generalize it throughout all school levels..

Keywords
School’ Education, scientific literacy, hands-on learning, science and society.

Summary
Introduction
Science and Technology have a major increasing role in today’ society and in the lives of 
everyone of us(1). No further substantive and sustainable development of our economy
and society may be foreseen without a leading enlarged and improved scientific and
technological research. Improving science education is fundamental as well as
effectively setting as major priority to raise the levels of scientific and technological
literacy at all levels of our society. This applies to all fields of science and not only to
applied science and technology. The fast developments on last decades render optics to
a top level of importance. Importance to the development of many fields of technology
and to the Society in general but to the development of a large range of other fields of
Science.
In our days Optics and Photonics have a major increasing importance not only in
Science and Technology but also in the widest range of aspects of our every day life. In
the emerging Society of Information Light and Optics have a crucial importance, soon
unsurpassable with the new developments in many photonics’ fields including, fiber 
optics sensor and communications, image acquisition and processing, lasers, medical
applications of light and lasers (photodynamic therapy, non-invasive medical
diagnostics, surgery, tattoo removal and skin conditioning, tooth cleaning,
ophthalmology,…), real time holography and data storage, optical computing, industrial 
non-destructive testing and metrology for quality control, environment monitoring (air and
water quality, pollution detection, ozone layer depletion, ...) and life sciences, material
processing (annealing, cutting, welding, drilling, ...), artwork cleaning and restoration,…
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It is of utmost importance that soon in their education the students get introduced or
acquainted on those subjects of general optics -geometrical, physical and quantum- but
also on more advanced subjects of striking importance: wave guidance, fiber optics and
telecommunications, image digitalisation and processing, light-matter interaction, optical
processing and computing,… 

New trends on science education
Education reforms are being studied and implemented during the last years in many
countries(2). The type and extent of the reforms vary significantly from country to country
but they all share the increased significance given to Science Education that is
becoming a major constituent of school curriculum. As well Technology Education is
gaining more importance spite evident implementation difficulties.

Work related to Science teaching which constitutes a major part of the contents of
Science education has also attracted educators and researchers extending also into
more general aspects such as the teaching approaches adopted, the underlying learning
theories, the teaching means and the use of new technologies (especially informatics),
and also, other parameters that may affect the effectiveness of Science Teaching.

It urges the establishment of a science culture in our societies, as steady basis for the
improvement of Science and its technological applications. In the Knowledge Society we
try to implement, Optics and Photonics have a crucial importance not only in Science
and Technology but also in the widest range of aspects of our every day life.

Experimental practical hands-on work is essential to the understanding of Science and
thus fundamental to Science and Technology literacy. As an increasing number of
decisions is dependent upon Science and Technology developments, in order for the
citizen of a democratic society to be able to participate he should be S&T literate but
also must have cognitive skills permitting decisions on incomplete knowledge and
science education do provide a natural framework towards the development of such
skills.

A sound Science Education beginning as earlier as at pre-school level is fundamental to
a good development of fundamental skills the new generations will definitely need in
order to cope with the requirements of a new Knowledge based economy and Society.
Efforts towards the improvement of Science’ education should be generalized all over 
Europe aiming the sound establishment of a Science culture in our societies and to
guarantee a steady basis for the improvement of Science and its technological
applications. It urges to improve the quality and effectiveness of in-school Science
learning. To do so one of the best paths is by leading school students to an active
volunteer and committed participation in the teaching/learning process through hands-on
practice and experimentation, making intensive use of the new instruments and
resources of the Information Society.

Dissiminating optics in-school education
It is fundamental today to raise the importance of Optics in school syllabus and
generalize it throughout all school levels. Positive steps are being given in different



41/416

countries. The Hands-on Optics project in the USA and the Optica’XXI projects within 
the “Hands-on Science”(3) EU’ network (www.hsci.info) are examples of good practice
that should be developed and replicated extensively.
Light and optics are subjects that directly relates to one of our major senses. This makes
this topic attractive and easily accessible to most of the students, from early ages. It is of
utmost importance that soon in their education the students get introduced or acquainted
on those subjects of general optics –geometrical, physical and quantum- but also on
more advanced subjects of striking importance –wave guidance, fiber optics and
telecommunications, image digitalization and processing, lasers, optical processing and
computing,… It has been proved that the subjects as the nature of light and colour can 
be introduced as early as in pre-schools. The basics of some subjects are easily
understood even by 5 years old children: addition of colours (often older students take
longer to understand the process because they are used to the subtractive ink’s colour 
mixing), reflection of light and internal total reflection (a piece of sweet flavoured jelly
may act as an wonderful... light guide!), refractive bending of light…(4).
The new stringent requirements of the modern society demand not only the gathering of
specific knowledge but also and specially of the competencies the ability of acting
interactively to be able to find, analyze and solve new interdisciplinary problems. The
best way of achieving an adequate formation of our students on these issues is by
inducing the students to an active committed participation in the teaching/learning
process, through practice and experimentation. Making use of the new instruments and
resources of the Information Society.
The pedagogic approach we suggest to be used relies on a functional integration of
different pedagogical theories and practices namely the constructivism, conceptual
learning and pro-active learning by hands on experimentation and research.
Responsibility, critical reasoning and observation, method and flexibility,
interdisciplinarity, volunteer self-rewarding commitment, joint efforts and teamwork, are
the main keywords that should guide all pedagogical activities.
Specifically our pedagogic approach to the problem relies essentially on three vectors:
hands on experiments (learning and self learning by experiment practices –the scientific
method); conceptual learning (learning and understanding fundamental concepts in
optics and science in general by the integration of qualitative and intuitive understanding
with quantitative methods, in order to promote inventive behaviour and problem solving
skills); and, intensive use of ICT (computer simulations and demonstrations, interactive
multimedia material, automated virtual laboratories, web-based networks for exchange
of ideas and experience and pedagogic tools and materials, in a national and
international basis).

Conclusion
The development of optics and photonics requires a large number of well prepared
highly motivated scientist and technicians that should be teach and trained as early and
as efficiently as possible in a positive rewarding environment. Furthermore not only the
importance of Optics, as a major field of Science, should be positively recognized by the
Society, but also a good scientific literacy should be established.
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Noise measurements in optical amplifiers

Lionel Jacubowiez, Thierry Avignon, Nicolas Dubreuil and Marc Bondiou

Abstract
We describe an experiment that allows advanced master students in optical science and
engineering to understand noise measurements in optical amplifiers (e.g. Erbium Doped
Fiber Amplifiers). Noise and signal are studied then measured in both electrical and
optical domains. The degradation of the signal to noise ratio through EDFA’s along a 
real or simulated long-haul optical link can also be studied.
2005 Optical Society of America
OCIS codes: 060.0060 Fiber optics and optical communications, 060.2320 Fiber
optics amplifiers and oscillators, 250.4480 Optical amplifiers, 270.5290 Photon
statistics

Summary
1. Introduction
Optical amplifiers are widely used and key devices in optical fiber communications. Our
labwork experiment uses a commercial-type EDFA with all suitable devices (tunable
source, synthetizer, optical attenuators, high speed/low noise photodiode, electrical and
optical spectrum analyzers).
In a first part, students study typical characteristics of an EDFA using an optical
spectrum analyzer (OSA): they measure the amplified spontaneous emission (ASE),
optical gain, gain saturation with respect to pump level and signal level, non uniformity of
the gain with respect to wavelength, etc.
In a second part, the students start studying noise generated by optical detection of
different types of optical flux: attenuated laser flux then ASE flux. They find the evolution
of noise level measured with an electrical spectrum analyzer to be completely different
between the 2 sources.
Then, they measure an RF-range (100 MHz to 1GHz) AM signal optically transmitted
along a fiber link at different points : at the input of the EDFA then at the output. The
degradation of SNR through the EDFA (the so-called “noise figure” NF) is derived then 
compared to the measurement performed through the optical domain by the OSA using
its plugged-in application “optical amplifier test”). The ultimate objective is to obtain close 
(or at least compatible) measurements by both approaches.
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Fig.0 : typical EDFA’s output spectrum
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2. Experiment
2.1 Set-up
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Fig. 1. Experimental set-up.
Fig.1 shows the set-up of the experiment. The emitter is a commercial tunable extended
cavity diode laser in the 1500-1600 nm range which amplitude is modulated by a RF
synthetizer. ATT1 is a calibrated optical attenuator. SWk are optical switches and SWij
their input or output ports. The receiver is a low noise amplified high-bandwidth
photodiode.The optical spectrum analyzer (OSA) is a grating-type standard resolution
(0.1 nm) device and AS is a RF electrical analyzer.
2.2 Noise measurements with laser and ASE sources
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Fig. 2 . Effect of input (left) and output (right) losses on SNR (OPT stands for OPTical
domain, ELEC for ELECtrical domain)

Fig. 2 summarizes the behavior of the noise of a amplitude modulated laser with respect
to the optical attenuation (equivalent to the study of the effect of input losses on the
SNR): on top, spectra in the optical domain (OPT) require to represent the “vacuum 
noise level” which is introduced (and usefull) in quantum optics courses. For the study of
the noise itself (generated by the laser), the modulation is not necessary. On right side of
fig. 2, the same type of spectra is obtained for the amplified AM laser with respect to the
optical attenuation (equivalent to the study of the effect of output losses on the SNR
2.3 SNR degradation (NF)
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Evolution of SNR through an electrical or optical amplifier
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Fig. 3 .Definition of SNR and NF through an electrical or optical amplifier (left) :
application to the case of an EDFA for both optical and electrical NF measurements
methods
.
The degradation of SNR through (NF) is fairly well verified. The agreement between
optical and electrical NF measurements is quite good, depending on each side on 1) the
formula used in the OSA application (it can be derived and calculated separately) and 2)
the calibration of the photodiode and electrical analyzer.
In conclusion, this labwork is a good opportunity to familiarize students with a key opto-
electronic component in optical fiber communications and, in the same time, open to
misleading concepts (classical or quantum noise) and measurements techniques.
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Abstract
An optics laboratory plays a critical role in optics education. A major challenge for optics
educators in Africa is the shortage or non-availability of laboratory teaching equipment.
Optics teaching equipment is beyond the budget of most universities in the developing
world such as the new National University of Science and Technology in Zimbabwe.

The paper details a successful strategy - local fabrication/assembling of optics laboratory
teaching aids - adopted by the Applied Physics Department at Zimbabwe's National
University of Science and Technology. Students and technical staff under the guidance
of an academic member of staff do equipment fabrication and assembling.

The paper describes some of the project-type set-ups for performing experiments on (1)
laser light scattering and impurity determination; (2) industrial imaging inspection (3) light
transmission and reflection and (4) refractive index measurement.

Keywords
Applied physics, optics education, optics laboratory.

Summary
1.Introduction
The science of optics includes light emission, transmission, deflection, amplification and
detection by optical components and instruments, lasers and other light sources, fibre
optics, optical-electronics instrumentation, related hardware and electronics and
sophisticated systems [1]. In recent years, optics has started to enjoy growing
importance in a number of high technology activities such as energy generation,
telecommunications, information technology, medical diagnostics and treatment, quality
control, environment control, ranging and structure health monitoring [2-5].
In response to the growing importance of optics, education institutes across the globe
including the National University of Science and Technology (NUST), a young tertiary
institute in Zimbabwe tasked with producing scientifically and technologically literate
graduates for careers in optics, now offer optics courses. The optics classes at NUST
are part of a 4-year Bachelor of Science Honours in Applied Physics degree programme
and a 2-year Master of Science in Lasers and Optics [6].
Optics education at NUST combines formal lectures and laboratory sessions. The
objective of running optics laboratory sessions is provision of practical experience to
supplement and illustrate concepts developed and discussed during formal lectures. A
persistent challenge in realising this noble objective is how to fit within the available
budget. The task is made more challenging by the fact that instead of offering laboratory
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classes to verify a concept, emphasis is also placed on stimulating students by going
beyond merely confirming a formula or concept.
The realisation that laboratory teaching is a critical component of optics teaching if
students are to be equipped with the necessary manual and mental skills for a future
career in the optics industry has motivated an alternative approach towards equipping
NUST for optics experiments within the available limited budget. The cost-effective
remedy is offering mini project-type (1) experiments supported through local
fabrication/assembling of components and devices and (2) experiments that use
consumer-grade components and devices.

2. Example experiments
The motivating factors for local fabrication/assembling of optics experiments are-: (1)
more educational value; (2) cost-effectiveness; (3) easy maintenance; and (4) easy
duplication, upgrading or modification. The exercise involves academic staff members,
technical staff members and students. Since the exercise is hands-on, other benefits in
addition to improving laboratory teaching of optics include development and sharpening
of local technical skills. Five sets of optics experiments have been developed this far as
described in the following subsections.

2.1 Laser Light Scattering and Impurity Determination
The setup developed and is depicted in Figure 1a affords studying He-Ne laser (2mW)
light scattering by different solutions and suspensions [7]. For a primary detection
element, a light detection resistor (LDR) is used to detect scattered intensity normal to
the incident beam optical axis at a laser-to-detector distance of 1000mm. Students have
a choice of detecting LDR resistance as a direct indicator of scattered intensity or for
those interested a sophisticated referenced detection scheme, for example a
Wheatstone bridge [8], can be built around the LDR. The inserted Table 1 presents
typical measurements with the system for different solutions.
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Table 1: Typical measurements using the system depicted in figure 1(a)
SAMPLE FWHM

(mrad)
Measured
Peak Intensity
(abu)

Direct Laser
Beam

1.0 3600

Glaa Test Tube
(Empty)

4.99 1590

Table Salt
(Iodised)

15.0 590

Table Salt (non-
iodised)

11.3 468

Figure 1: (a) Laser light scattering experiment set-up. Table 1 presents the typical
response of the system.

He-Ne Laser Glass test

Light

Detecting

Optical Bench

Optical bench

levelling screws
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2.2 Industrial Image Inspection
The system (see Figure 2a) combines a laptop computer that drives a consumer-grade
digital projector to produce structured light [9,10] and for a 2-D imaging array a
consumer-grade digital camera is used. Students are able to inspect objects with
different surface profiles using the system. Figure 2b presents some of the results
obtained with the system.

(a)
Camera position P1 Camera position P3

(i) (ii)
(iii)

(b)
Figure 2: (a) Laboratory set-up for the industrial image inspection. Synthetic “fringes” are 
generated by the laptop computer and are projected onto the sample under investigation
with a digital projector. Use of a laptop offers flexibility in choosing different illuminating
patterns. (b) Typical results obtained with the system projecting vertical “fringes” shown 
as b(ii) . The sample under investigation is a locally manufactured plastic lid. Processed
sample images b(i) with the digital camera position marked P1 as indicated figure 2(a);
and b(ii) for camera position P3 marked on figure 2(a).

3. Light transmission and reflection
The objective of the experiment is to study the transmission and reflection of common
optical wavelengths by selected optical thin films [11]. A vacuum thin film deposition
device (device performance is shown in Figure 3a) procured from India is used to

USB cable
P1

P2

P3

S

5X Optical zoom

digital camera

Epson Digital
Projector

Dell Laptop
Computer
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deposit metallic thin films of different thickness on selected substrates. The bench set-up
is shown in Figure 3b. Figure 3c and 3d illustrates typical experimental results.

Figure 3: (a) Response of the vacuum coating unit. (b) Bench set-up. Link A permits varying
the angle of incidence. Typical plots for (c) Chromium and (d) Aluminium film on glass.

(c)

mounted

optical

Collimated Light
Source

Phototransistor

Link A

(d)

(a)

(b)
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4. Refractive Index Measurement
The laboratory experiment is summarised schematically as Figure 4. Sample index of
refraction is determined indirectly by measuring the angular shift of a particular spectral
line caused by the sample with the glass prism at the Schuster position.

Figure 4: Schematic diagram of the laboratory set-up to determine refractive index
2.5 Other Experiments
Two minor experiments namely, determination of grating pitch using the phenomenon of
self-imaging and determination of angle of wedge, have also been successfully
developed through the strategy of local fabrication and assembling.

Specimen

Prism at Schuster’s
position

Incident
Collimated

Light

Opto-Electronic
Detection System

Table
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5. Conclusion
Local fabrication and assembling of laboratory teaching equipment is a viable strategy of
significantly improving optics education in developing countries. A recent trend is bulk
optics is being replaced by fibre optics. Most of the research and development work in
the area of photonics involves the use of optic fibre. We are planning to revisit our
experimental set-ups to identify where in-fibre optics can be used. For example, the
image inspection set-up in Figure 2a could be replaced by the configuration illustrated in
Figure 5 depicting a fibre-based Young’s double slit interferometer. 
Apart from its technological importance, fibre optics provides an excellent opportunity to
demonstrate a large number of physical concepts through simple experiments. It is
planned to develop a fibre optics experiments kits for the Bachelors and Masters optics
laboratory classes.

Figure 5: Fibre-based Young’s Double Slit Configuration.

Today, computers continue to find their way into physics laboratories [12]. In our case,
computers can be introduced as data acquisition and analysis devices. This will involve
design and fabrication of computer interfacing boards and the development of
appropriate data acquisition and analysis software preferably under Windows®
environment. As part of better organisation of the optics laboratory class, experiment
objective, equipment list, procedure, theory and simulations could also be hosted on the
same computer.
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Abstract
The science of photonics and optics has emerged to be one of the leading fields of
scientific and engineering innovation in the 21st century. One key factor in keeping this
wave of innovation and advancement going at full momentum is the effort spent in the
training and educating of the next generation of photonics scientists and engineers.
More and more students are becoming interested in this field at a younger age, starting
at high school or even earlier. This talk explores the role and responsibilities of the
industrial photonics and lasers companies in reaching and encouraging this next
generation of professionals.

Summary
For those of us who the took the path of playing with Lego sets all the way to becoming
professional scientists, engineers, and business leaders in the photonics and lasers
industry, as well as in academia, it is always fascinating to see a young individual just
beginning to embark on a similar adventure. Traditionally school teachers and college
professors have always been in a position to help guide such young individuals in the
right direction and help them get the right training and education in order to become
successful scientists and engineers in the photonics field. However, one cannot help
wonder what is the optimum role that industrial corporations, and professionals working
at these companies, can play in order to reach and encourage this next generation of
professionals.

The most important help a business or technical professional, who works in the
photonics and lasers industry, can provide to a young person who is interested in a
future in this field is the providing of an overall perspective that can only be gained
through years of experience. Sharing the tale of how one evolved from being a young
student of photonics into an industry professional is one of the most important
contributions that any professional can make to the career development efforts of the
young student.

A typical high school student might very well know that he or she likes mathematics or
likes engineering projects. But this person may have no clue what it means, or what it
takes, to turn this personal interest into something that down the road can put him or her
in a position in life that creates professional satisfaction and success, financial well
being, and most important of all an overall sense of happiness in life.

By sharing with the student our story of how we moved along a similar path we will be
able to provide a perspective for that individual that he or she may otherwise not get for
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many years to come. We can do this most effectively through giving seminars and
lectures at colleges as well as at high schools. We should bring to the attention of the
students that their professional career options are far more diverse than they may be
aware of.

Should the young student who is interested in lasers and engineering listen to the story
of a dozen professionals who are working in the photonics industry in various and
entirely different capacities, he or she will be able to develop a better sense of
appreciation for what are the professional options and the various career paths available
to him or her. The student will be able to better explore his or her options as a future
research scientist, industrial manufacturing engineer, design engineer, product line
manager, business development manager, director of marketing, or an intellectual
property specialist working at a law firm. The notion of such potential career options may
not readily present themselves to the mind of a young student of mathematics or
engineering.

It is highly beneficial to increase the level and the frequency of interaction, as well as
more in-depth collaboration, between the high schools and undergraduate engineering
institutions and the professionals working at industrial corporations.

In addition to giving lectures and seminars at colleges and high schools these industry
professionals can also organize technology and product demonstration events at these
academic institutions.

For example, imagine a major photonics and lasers company organizing a half day event
at a high school in which they put on display a non-operating high power laser system
with all its internal components available for the students to see and touch. An engineer
can explain to the students the engineering design and the technology aspects of the
laser while a marketing manager explains to the students how a business operates in
order to bring to market such high-tech products.

Another effective means of increasing the level of interaction between industrial
corporations and educational institutions is the establishment of internship programs, at
industrial corporations, which are designed specifically for younger students such as
juniors or seniors in high schools as well as for first or second year undergraduate
students.

For example, imagine the benefits of a three months long summer internship for a young
enthusiastic student at a company which specializes in lasers and also has a portfolio of
products related to educational laboratory kits. Such joint ventures will greatly benefit the
student, the academic institution, the industrial company, and the entire scientific and
industrial community as a whole.

These types of industry driven and supported programs could potentially lead to these
students coming up with new innovations that would have potential market value to a
large group of people. Why not help and support such students, and provide guidance to
them, so that they can begin to take the first steps in establishing a new company with a
viable business plan while still in high school or while going through early college years.
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By the time such individuals graduate from college they may be in a position to hire their
fellow classmates. Also because they have created a mission and a professional goal for
themselves, they will be able to tailor their university course of studies in a more
optimum fashion.

They can choose and tailor their courses in such manner that by the end of four years
they would be well equipped with the right tools in order to succeed in the business
venture they have already embarked upon, as opposed to going through a standard four
year college program and upon graduation wondering what to do with their education
and what type of job to get. Instead of looking for job opportunities they will be able to
offer job opportunities to others.

There is a relatively wide gap between universities generating novel ideas and the
introduction of these ideas to market in the form of well developed technologies and
products. In an effort to shrink this gap, many universities have established research
parks which serve as a technology incubator facility in which university students, faculty,
and researchers have a chance to launch and bring to market their technology concepts
through forming of new start-up companies and spin-off research centers.

Business managers at photonics and laser companies are in a position to launch and
support joint business development programs between these university spin-off new
start-up companies and the well established larger corporations. An increased level of
collaboration in this area, between universities and companies, will result in the young
professionals such as graduating engineering or physics students getting a jump start in
their professional career development efforts. The professional successes of these
students will in turn encourage younger students to gravitate to the photonics sciences
field. More importantly the successes of these new companies launched and driven by
recent graduates, or university students, will create new job opportunities for those same
students as well as for future graduates. Business managers at larger more established
companies are in a position to facilitate this and thus contribute in a significant and
meaningful way to the training and professional advancement of the next generation of
photonics professionals.
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Abstract
Biophotonics, one of the most exciting and rapidly growing areas, offers vast potential for
changing traditional approaches to meeting many critical needs in medicine, biology,
pharmacy, food, health care and cosmetic industries. Follow the market trends we
developed new MSc course Management in Biophotonics and Biotechnologies (MBB)
that provide students of technical disciplines with the necessary training, education and
problem-solving skills to produce professionals and managers who are better equipped
to handle the challenges of modern science and business in biophotonics and
biotechnology. A major advantage of the course is that it provides skills not currently
available to graduates in other Master programs.

Summary
Biophotonics, one of the most exciting and rapidly growing areas, offers vast potential for
changing traditional approaches to meeting many critical needs in medicine, biology,
pharmacy, food, health care and cosmetic industries. The total market in the field can be
estimated as $25 billion per year worldwide [1]. Remarkable growth in medical
instrumentation, biophotonics and biotechnologies are expected to drive the market after
2005 [2]. Follow the market trends we developed new MSc course Management in
Biophotonics and Biotechnologies (MBB) that provide students of technical disciplines
with the necessary training, education and problem-solving skills to produce
professionals and managers who are better equipped to handle the challenges of
modern science and business in biophotonics and biotechnology. A major advantage of
the course is that it provides skills not currently available to graduates in other Master
programs.

Nowadays, the existing Master programs in Life Science, Bioengineering,
Biotechnologies, Health Care, etc. are essentially taught from a general management
perspective by faculty based within the business school, and not able to offer courses
taught by experts in technology. Various existing MSc programs within the physics &
engineering schools offer depth in a particular science or technology, but without the
management perspective. Medical schools spend a significant time for clinical staff
training in practical application of specific technologies (e.g. optical biopsy, endoscopy
and/or related optical diagnostic procedures), and no training is currently available to
provide clinicians with the knowledge and understanding of core discipline underlying the
technologies employed. The proposed MSc MBB course will provide
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physics/engineering students with the necessary training, education and problem-solving
skills to produce specialists and managers, who are better equipped to handle the
challenges of modern business in modern medical physics, biotechnology and
bioengineering industries.

The MBB program is designed specifically to prepare graduates both for an applied
research career in the fields of biomedicine, bio-photonic materials and in the bio-tech,
health-care and cosmetics industries. MSc MBB course introduce students to the multi-
disciplinary nature of BioPhotonics and Biotechnologies areas and foster critical thinking,
one of cornerstone of MBB author’s teaching philosophy. MBB research projects provide 
graduates with advanced training in research methods, personal skills, industrial R&D
management, advanced research and special areas of study. The programme place
significant emphasis on teamwork and multidisciplinary international collaboration, and
aim to achieve students be competitive with those of the best research universities in the
world.

The MBB program is oriented at the variety of graduates including:
 Researchers, young professionals involved in Bio-Imaging, Bio-sensing,

Biomedical Engineering, Bio-analytics, and many other related areas.
 Researchers associated with the development of new medical/biomedical

diagnostic equipment.
 Clinical/research staff specialised in biomedical diagnostics and therapy.
 The healthcare professionals, both from industry and medicine.
 Sales staff and young managers associated with the companies selling

diagnostic equipment and components;
 Managers who are responsible for running/developing new business projects in

innovative bio-technologies, and who need to develop wider specific perspectives
outside their own area or responsibility and expertise.

More than that, this program is of high interest for governmental employees,
experienced businessmen and leading specialists in companies working in the
biotechnologies sector including vendors and designers of special laboratory and clinical
biomedical equipment.

The taught part of MBB programme cover all main topics and comprises of a series of
compulsory modules, including: Principles of Biophotonics & Biotechnology, Introduction
to Physiology and Anatomy for Bioengineers, Biomedical Optics, Bio-Imaging and Micro-
spectroscopy, Light Activated Therapy and Diagnostics, Biosensors, Healthcare
Technology Assessment, and External Seminar Programmes in Biotechnologies. Plus,
four to five relevant electives selected by the student and approved by the course
Steering Coordination Committee, including: accounting, finance, human resources
management, labour relations, marketing, managerial decision theory, economics,
interpersonal skills, engineering writing, presentation skills, report writing, project
management and team building.

Elective modules can be selected from a pharmaceutical focus; health care and
cosmetic products; engineering for a medical devices and some others. These options
are readily available however other directions will be designed with the MBB’s course 
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leaders shortly. This is based on the particular interests of students and/or market
trends. The MBB course includes lectures, seminars, time for demonstrations of practical
research. Even introductory part includes a scaled-down research component, as a
critical literature review. At the first instance MBB course combine a regular two year
program engineering/physics disciplines currently available in the Saratov State
University (SSU) with the core requirements of a Master degree. The working languages
are both English and Russian. However, as Cranfield - SSU International Steering
Coordination Committee will review the programme yearly, developing one year MSc
course in English is likely possible (based on the results of launc hing MBB course).

An entry qualification to the programme is a technical Bachelor or similar degree with the
high marks in English (the results of TOEFL, IELTS, etc. considerate as advantage). All
students enrolling on the course are required to undertake 200 hours per year of
structured preparative learning involving assimilating appropriate basic information.
Whilst the written works is submitted during this phase no marks towards the final award
will be accrued. Personal and academic tutors are assigned to each student prior to
receiving the assimilation material. These personnel, in addition to the SSU course
director will be contactable with easier.

The norm of Credit Tariffs for the MSc MBB course is 200 credits (100 credits per year),
which equivalent to a total of 2000 notional learning hours (i.e. 1 credit = 10 notional
learning hours). The minimum shall be 180 credits (i.e. 1800 notional learning hours).
The amount of lectures, seminars, and lab work hours within the MSc MBB course is
based on the MSc’s courses developed early at Cranfield University (UK). 

Graduates of the program will be awarded by MSc degree in Management in
Biophotonics and Biotechnologies. A major advantage of the program is that it will
provide skills not currently available to graduates in any other Master program, and it will
give the graduates an extra competitive edge for getting a job then.
The MSc-MBB features a highly interdisciplinary format that leverages the research and
teaching expertise and academic leaderships of two international competitive centres of
excellence in biophotonics & biotechnologies - Cranfield University and SSU.

We acknowledge the support of British Council BRIDGE program and the Russian
Federation President’s grant Supporting of Scientific Schools for support in the 
development of the MBB program.

References
1. see for example Trends in Tissue Engineering, 2002.
2. see for example Electronic Manufacturing Trends in the North American Medical
Industry, 2004.



60/416

Ref ETOP016

Low-cost home experiments and demonstrations in Optics

P. M. Mejías, R. Martínez-Herrero, J. Serna, G. Piquero

Departamento de Óptica, Facultad CC. Físicas, Universidad Complutense, 28040
Madrid, Spain, pmmejias@fis.ucm.es

Abstract
More than 60 demonstrations and basic experiments in Optics have been compiled.
They can be carried out by secondary and university students in the classroom or at
home, and have been conceived considering low cost and easy-to-get materials. The
goal is to offer didactic resources, showing that Optics can be taught in an attractive and
amusing way. The experiments try to stimulate scientific curiosity, and generate interest
in the observation of our physical world. The work could be collected as a book, where
each demonstration would be contained in one or two pages, including a title, a list of the
required materials and a concise explanation about what to do and observe. Associated
with the experimental content, we propose a web page, namely,
http://www.ucm.es/info/expoptic, that accepts experiments sent by anyone interested in
Optics, which can be used as a forum to interchange information on this educational
topic.

Summary
In this work we have prepared more than 60 low cost demonstrations and experiments in
Optics. They can be used in the classroom or at home, and have been designed by
handling inexpensive and easy to find equipment and materials. Our goals are

- To present a pleasant and fun approach to learning Optics
- To offer didactical resources for the classroom
- To stimulate the scientific curiosity of students in this field
- To create interest in the observation of the surrounding physical world

The compilation is addressed in first term to students in the initial university courses.
During these years, university programs usually include the theoretical foundations that
allow a rigorous and detailed understanding of each experiment. Nonetheless, most
experiences are also adequate for secondary school level. In this case, teacher
supervision could be important, especially in order to provide the appropriate
background. In any case, the collection is also directed to anyone interested in Optics in
a wide sense.

Due to their simplicity, the collected experiments can be used to support Optics lessons.
They could also become specially helpful because, on the one hand, classical
laboratories cannot cover such a wide range of optical phenomena, and, on the other
hand, theoretical and laboratory classes could not be simultaneous.

Demonstrations have been classified in two big sections, Geometrical Optics and Wave
Optics, following the standard division used in Optics courses. In the Geometrical Optics
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section there are experiments on the straight line propagation and independence of light
rays, reflection law, total internal reflection, Snell’s law, propagation in inhomogeneous 
media, lenses, mirrors, refractive index, stops, aberrations, image forming instruments
and photometry. Within the Wave Optics section we have included experiments on
dispersion, absorption, scattering, polarization, birefringence, dichroism, optical activity,
interference and diffraction.

Each experiment description includes a title followed by a list of required materials and a
brief explanation on how to proceed. The detailed theoretical explanation can be found
in the recommended bibliography, and it depends on the educational level. Appropriate
demonstrations for the classroom are pointed out. We also explain how to buy, prepare
or use some specific materials.

Associated with the experimental work, we propose a web page (preliminary version in
Spanish: http://www.ucm.es/info/expoptic), which has been conceived as an exchange
forum for teachers, students and anyone interested in low cost experiments in optics.
Any person can send suggestions and experiments descriptions adequate to be
uploaded to the web page. Experiments can be accessed by subject, materials and
suitability for the classroom.
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Figure 1: Schematic of modified Mach Zender
Interferometer
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Abstract
The coherence property of the laser light is an important aspect for the understanding of
the optical physics. A modified geometry of the Mach-Zender interferometer has been
proposed for measurement of the coherence of the laser. The geometry of the mirrors
has been arranged in such a way that the reversible shear interferometer and the
Michelson interferometer, both the types of the interferometers are set-up in a single
geometry. Using this interferometer, the spatial and the temporal coherence of the laser
beam can be measured .The interferometer is simple in design and is useful in the
computer assisted visual learning of the coherence at the college and university level
education and teaching in optics.

Keywords
Interferometry,Coherence , Optics

Summary
The coherence property of the laser light is important in understanding of the laser
/optics and its various applications in holography etc. The reversible shear
interferometer1 provides the measurement of the spatial coherence and the Michelson
interferometer measures the temporal coherence of the laser. The conventional young
slit method for spatial coherence measurement is not suitable for large diameter laser
beams and it also requires multiple measurements. In this paper, a modified geometry of
Mach Zender interferometer has been reported which can be used for the spatial
coherence in a single measurement as well as for the temporal coherence measurement
of the laser beam. The interferometer can be easily used in the large diameter laser
beams .

The schematic of the interferometer has been shown in the figure-1. Its mirror geometry
is similar to the Mach Zender interferometer, the W1 and W2 are two wedges at 450 and
mirror M3 is mounted on the translation stage. The incident laser beam is split at wedge

W1 and recombine at wegde W2.
The one part of the laser beam
propagating in the path
W1M1M2W2 and the other
beam propagating along the path
W1W2M3W2, both the
beams combine at wedge W2. C
is the compensating plate. The
wavefront from the earlier path is
inverted along a line of folding.
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profile and its visibility
plot
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Figure 3: He–Ne fringes
and its Visibility Curve

The inverted wavefront interfere with other wavefront along a line of folding and the
fringes are obtained by the tilt of the mirrors .The visibility of the fringes across the beam
diameter gives the measure of spatial coherence in one dimension in a single
measurement . Initially path length via M3 is kept same as path length via M2. For the
measurement of the temporal coherence, the mirror M3 is moved apart such that visually
the fringes vanishes from the position of the maximum visibility. The twice of the
distance of the mirror movement of M3 gives the temporal coherence. Using this
interferometer, the spatial coherence and the temporal coherence of typical unstable
resonator output from the Copper Vapour Laser ( CVL ) has been measured and also
the coherence studies on the multimode He Ne laser has been carried out.

The interferogram can
be captured and
monitored on-line on
the PC with frame
grabber card and
compatible image
processing software.
The reversible shear
fringes for the CVL has
been shown in the
figure-2. The spatial
coherence of the CVL
is not good as can be
visually observed from
the interferogram. The
spatial coherence
width of the CVL
(beam size ~ 45 mm)
with typical
uncollimated unstable
resonator is approx.
8.0 mm. The temporal
coherence of the
Copper vapour laser
has been found to be ~
8 cm. The shear
fringes of the HeNe
has also been shown
in the figure-3. The
temporal coherence of
the HeNe laser has
been found to be ~ 15

cm. The HeNe has good spatial coherence across the beam diameter.The reduction in
central fringe visibility from its actual value of 1.0 gives an qualitative presence of ASE
(Amplified Spontaneous Emission) and also the multi mode nature of the laser beam.
The interferometer can be easily set up in college optics laboratory and it will help in
visual understanding and the measurement of the coherence of the laser beam.
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After the storm: the photonics education and training landscape in Ontario

Marc Nantel

Photonics Research Ontario (a Division of OCE Inc), Toronto, Ontario, Canada

Abstract
It has been 5 years since the first of an organized effort to bring more undergraduate
photonics education and training to Ontario schools has started. Before 2000, there
were no photonics certificates, diplomas, or degrees other M.Sc. and Ph.D. available in
the province. Now one can study to obtain optical fibre certificates and photonics
technician/technologists diplomas at colleges, undergraduate degrees in photonics at
colleges and universities, and continuing education certificates and diplomas in
photonics. This talk gives an overview of the sea of changes in the field of photonics
education and training that has shaped Ontario over the past half-decade.

Summary
The calm before…
In the years leading up to the incredible telecommunications/photonics bubble of the late
1990s, there were few regions in the world ready to handle the extra demand in
personnel qualified in optics, lasers and photonics that would soon be unleashed.
Places like Rochester, NY, USA, with its extensive programs in optics at the University
of Rochester, the Rochester Institute of Technology and Monroe Community College,
were already serving an active local population of companies like Eastman-Kodak,
Xerox and Corning. They had the programs in place to cover all needs in photonics,
from technicians to PhDs. Québec City, QC, Canada, was another such place, with
photonics programs at Université Laval and several colleges in the area. Europe, Asia
and Australia also had similar pockets, to varying degree of development.

Ontario, the largest province in Canada and the hub of much of the country's photonics
innovation and industry was not ready. While it featured world-class photonics research
programs at national laboratories and universities, most of these worked toward
producing Master's and PhD-level scientists. Physics, Chemistry and Engineering
department offered courses in optics as part of their curriculum, but there were no
undergraduate programs leading to a credential in photonics. In most cases, one had to
get to graduate school before working with optics meaningfully. This was generally not
seen as a problem until the storm hit…

Photonics' perfect storm…
When the demand for photonics products –especially optical fibres and all things
telecom – started to increase, it created a corresponding demand in industry for
employees knowledgeable in the subject. In Ontario, home of Nortel Networks, JDS
Uniphase, Lumonics and other photonics giants, this increased demand for qualified
workforce became the limiting factor for growth in a highly-strategic industry. Not only
were there too few photonics experts coming out of Ontario's educational institutions, but
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in the majority of cases, those becoming available were over-qualified. There was an
urgent need for assemblers, technicians and engineers with photonics knowledge to
design, build, package, test, sell and service all these products, not just MSc and PhD
researchers to invent them.

In 1999, at the height of this photonics frenzy, Photonics Research Ontario set out a plan
to address the need for photonics personnel in its entirety to relieve this bottleneck and
allow for growth in the sector.1 This led in 2000 to the start of a project at Niagara
College and Algonquin College to establish 1-year certificates, 2-year technician and 3-
year technology diplomas in photonics. The program took in its first cohort in Fall 2001
and has been running ever since. This project was the first to see students, but soon
thereafter many new photonics offering became available at universities (Waterloo,
McMaster, Wilfrid Laurier),2 private colleges (CCBC) and independent training providers
(Vitesse (Re-Skilling) Canada). A 4-year Bachelor of Applied Technology –Photonics
was added in 2004 to the Niagara/Algonquin offerings. To fill the pipeline being
established at the upper end, the efforts in science and technology outreach to
grade/mid/high-school students was intensified to provide more visibility to photonics
and its potential as a career choice.

With all this activity in photonics education and training taking place, a coordinating
influence was needed and the Ontario Photonics Education and Training Association
(OPETA) was formed, regrouping all the major stakeholders in the field (educational,
industrial, governmental and non-profit). Ontario was on the way to becoming one of
those lucky jurisdictions where the whole photonics education and training pyramid was
to be filled, from grade school to grad school (see figure 1).3

…in the middle of the fury, the distinct "pop!" of a bubble bursting…
While all this was going on, the bottom fell off the over-buoyed telecom market. The
demand for optical fibre, then photonics devices, then telecom systems and test
equipment catastrophically decreased in succession. Employees that were recently
critical to the white-hot production of large photonics companies were no longer needed,
multiple start-up companies flamed out and a deep freeze settled over the whole
industry for 3 years.

The demand for newly-trained personnel nigh-completely stopped, putting in jeopardy
the just-established photonics education and training programs in Ontario. Some
changed to adapt, few kept their heads above water and some did not survive. OPETA's
first mandate of coordinating the activities around new programs and the demand from
industry morphed into one of survival. Nobody doubted that photonics would rebound
eventually –and "photonics" is much bigger than just its telecom sector –but this
downturn was occurring at a critical point in the growth of the education initiatives under-
way.

…The silver lining and blue sky reappearing!
Thankfully, industry's loss would become academia's gain. As large companies were
shedding employees, they found themselves buried in now-unused equipment. This
equipment was devaluating the companies stock and had also to be disposed of.
OPETA was able to funnel $4-million of such equipment to educational institutions in
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Ontario and elsewhere in Canada through 2002-2004, thereby greatly supporting the
establishment of the photonics education and training programs in progress. Further
equipment was donated directly from industry partners to colleges and universities or
made available at bargain prices. Another $4-million in equipment is estimated to have
found its way into students' hands that way. Some of these donations were used to
leverage government funding, further increasing their impact on the programs.

While other sectors like biophotonics, manufacturing, imaging/vision and environmental
monitoring have continued to grow throughout telecom's cycle, much attention was
focused on the latter because of the sheer magnitude of its up and down swing. It is
clear now that growth–albeit a more sustainable one–has started again in the telecom
aspects of photonics, that the other sectors are solid and that the decision to persevere
with photonics education and training will reward those who stuck with it.
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Mode locked fiber laser training kit

Sophie LEPREVOST & Patrice LE BOUDEC

Abstract
This paper presents kits dedicated to optical phenomena education proposed by Idil
Fibres Optiques. It shows the teaching means used to guarantee students the best
understanding of physical phenomena related to optical fibers. In a second part we
present one of these kits : the mode-locked fiber laser. This kit allows in particular to
understand the effects of chromatic dispersion, non-linearity and mode-locking during
the ultra-short pulse generation in mode-locked fiber lasers with “figure-8” and 
unidirectional ring cavities.

Summary
1. Presentation of the educational and training kits
Idil Fibres Optiques is specialized in optical fibers engineering and lasers. In particular, it
develops educational kits completely adapted to the teaching of the physical phenomena
related to optical fibers for engineers and technicians. The range of Idil products are
related to the teaching of physical phenomena using fiber optic devices. Our kits
encompass WDM, reflectometry, interferometry, telecommunications, EDFAs and
EDFLs and, of course, mode-locked fiber lasers.

In our kits, all the optical functions necessary for handling are separated, and the
students connect them together via optical patchcords. Our kits use E2000 optical
connectors assembled on fiber ends (which guarantee an optimal ocular safety because
they close automatically upon extraction). The interest for the students, is to be able to
characterize each component separately, to understand its function before combining it
with other components and creating a new optical function. Finally, the entire range of
educational kits include complete documentation presenting the theory of the physical
phenomena approached in the training. All of our documentation (theory and practical) is
written in collaboration with optics scientists and professors in order to guarantee a clear
understanding of the subject matter.

2. Presentation of the mode locked fiber laser kit
One of the latest kits developed by Idil involves the study of an ultra-short pulse fiber
laser generated by passive mode-locking. This type of laser is currently the subject of
research in many laboratories. Mode-locked lasers are used in a wide range of
applications, depending on the wavelength and pulse width. They can be used as
sources in communications systems for time-division multiplexing (TDM) or wavelength-
division multiplexing (WDM), as spectroscopic tools in the laboratory for time-resolved
studies of fast nonlinear phenomena in semiconductors, as a source for pulsed sensors,
or as tunable seed pulses for lasers in medical applications. Applications such as optical
coherence tomography could take advantage of the broad bandwidth of a mode-locked
fiber laser rather than the temporal ultra-short pulse width.
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The aim of this kit is to observe and study the generation of ultra-short pulses, and in
particular the effects of polarization, dispersion, non-linearity and mode-locking. It is
straightforward to assemble a “Figure-8” laser or a unidirectional fiber ring laser.  Once 
assembled, the lessons are to observe the locking of the laser, to measure the repetition
rate of the laser, to observe the operating modes of the laser : continuous and pulsed
(stretched-pulses, solitons, parabolic), to study the effect of the fiber chromatic
dispersion behavior of the laser and to observe the various optical spectra.

The unidirectional fiber ring laser (also called polarization additive pulse mode-locking,
P-APM or Kerr mode-locking) which is a laser with passive mode-locking, uses the
nonlinear polarization rotation. This rotation relies on the Kerr
effect in optical fibers in conjunction with polarizer. This causes
artificial saturable absorber action and achieves pulse shortening.

Mode-locked lasers in a unidirectional ring configuration are self-
starting if the polarization is well directed. The addition of various
lengths of SMF-28 fiber with positive chromatic dispersion will
change the sign and the value of the total chromatic dispersion of
the cavity. Various types of pulses can be observed : stretched-
pulses, solitons, parabolic pulses. A study of pulses duration,
energy, width and shape of their spectrum and finally the repetition
rate of the pulses (which is proportional to a multiple of the cavity
length). The total chromatic dispersion of the ring cavity is
negative (normal dispersion) to 1550 nm. It is possible to add an adjusted length of
single mode fiber with positive dispersion to obtain a zero chromatic dispersion of the
cavity. 300 m long SMF-28 fiber can also be added to get a positive chromatic
dispersion (anomalous dispersion).

The additional fiber in the cavity will modify the total chromatic dispersion, but also
modifies the repetition rate of the ultra-short pulses which is proportional to a multiple of
the cavity length.

When the total cavity dispersion is positive (anomalous), the laser
is in a soliton regime. In this type of mode, the laser tends to
create multiple pulses when the pump power increases. For high
pump power, the peak power of the soliton will eventually reach
the limit imposed by APM saturation. Then the single pulse per
cavity round-trip will break up into multiple, uncontrolled pulses.
This phenomenon is observed in the “figure-8” lasers and in the 
long ring lasers. However, the fiber soliton laser can operate with
a stable and single pulse per round trip if the cavity is as short as
possible (but always with anomalous dispersion) and that the
gain is low enough.

The mode-locked pulse spectrum of an all-fiber laser shows significant spectral structure
related to the soliton-like nature of the pulse : the Kelly sidebands (cf figure 2). These
sidebands are resonant instabilities that can be explained by simple phase-matching.
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Fig. 1 : All-fiber ring laser mode-locked by
P-APM

Fig. 2 : Spectrum from a soliton
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When a soliton propagates in a fiber laser, it encounters various periodic perturbations
such as gain, filtering and losses due to splices, connectors and intrinsic losses of the
components. The perturbed soliton sheds dispersive radiations as it is reshaped back
into a proper soliton. Each frequency component of these radiations propagates at its
own phase velocity and generates radiations that interfere in a destructively except at
frequencies that are phase-matched. This causes sidebands around the centre of the
spectrum : the Kelly sidebands. The shorter the pulse width, the nearest from the center
the sidebands will be found. Note that the amount of continuum that is generated at a
certain frequency is proportional to the spectral amplitude of the soliton at this frequency.
The sidebands appear as a pedestal under the pulse and can contain an energy
comparable to the pulse energy. The effect of the sidebands can be avoided by
decreasing the average dispersion of the cavity; it also allows to decrease the pulse
width but it will limit the peak power of the pulse.

In the stretched-pulse laser (cf. figure 3), the lengths of large
positive and negative dispersion fiber cause the pulse width
to be alternately stretched and compressed as they circulate
in the cavity. And thus the average maximum power in the
laser is lowered significantly. The net nonlinear phase shift
per pass is lower and APM saturation is avoided. Spectral
broadening occurs in the doped fiber due to the action of the
negative dispersion with self-phase modulation. At the
output, the pulses can then have high energy and a broad
bandwidth. The stretched-pulse technique yields shorter and
more intense pulses than the pulses in a soliton laser and the
spectra (cf. figure 4) are broader and cleaner than for soliton.
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Development of Diode Laser Pointer(LDP) Based Michelson–Interferometer For
the Measurement of Optical Parameters

A.K. Chaudhary

Abstract
The paper reports the development of an inexpensive laser diode pointer of wavelength
=630-680 nm based Michelson interferometer technique for the measurement of
optical parameters such as wavelength of the source, thickness of a thin sheets of
glass, mica etc. in the Optics Laboratory of the Department of Physics Addis Ababa
University, Addis Ababa, Ethiopia. The He-Ne laser source (=632.8 nm) in the
Michelson interferometer experiment is replaced by small size battery operated LDP of
small beam of diameter = 3mm with simple modification in the optics system to measure
the aforesaid optical parameters

Summary
The He-Ne laser based Michelson interferometer plays very significant role in modern
optics laboratories to demonstrate the phenomena of interference based on the division
of amplitude of incident laser beam. In addition, it has been employed to measure the
wavelength of the source, thickness and refractive index of thin transparent sheets of
glass, mica etc.[1,2]. However, it has been observed that many optics laboratories of the
developing countries are not having the facility of He-Ne (=632.8 nm) laser source
therefore, the practical application of this experiment could not be demonstrated .
An innovative attempt has been made to show the use of inexpensive small size battery
operated laser diode pointer (LDP) which is mainly used for delivering lectures as an
ideal replacement of He-Ne laser. The entire arrangement is small in size and can be
used any less equipped laboratory for teaching optics.
The use of LDP as a source is restricted due to its small beam diameter = 3mm, non-
gaussian out put beam shape (multimode) and small power ( 1 mW). However, these
problems could be over come by an introduction of a convex lens in the path of out
going interfering beams of Michelson interferometer.
After doing the initial alignment, the convex lens of f= +20 cm is inserted between the
beam emitted from LDP and the interferometer . This lens causes the beam to be
diverge and have a varying phase across the viewing screen . As it is already mentioned
that the beam diameter of the LDP is very small therefore, interference pattern formed
on the screen is not very much clear . In order to get the clear and well defined fringes ,
another convex lens f= +10 cm was introduced in the output path of the beams of
interferometer. This arrangement provides well defined bright and dark fringes at regular
intervals.
First part of the experiment the wavelength ( ) of LDP has been measured using
Equation.1 [3], by simply counting the number of fringes on the screen and the distance
() traveled by second mirror with the help of micrometer .

= 2./n [1]
where n= number of fringes , = is distance for shifting 80- 100 fringes
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In the second part of the experiment a thin plate of glass/mica is introduced in one of the
arms of the Michelson interferometer and rotated along the axis,the resultant shift in the
fringes are counted . The thickness  of the plate “t” is given by :

t = n/ 2[√{ 2- Sin2} -{+Cos} +1] [2]
Where  is the refractive index of the glass/mica sheet and is the angle of rotation.
The process is repeated three to four times for getting best results. The error occurred in
the experiment is order of 5-10 %.
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Abstract
In this paper we describe the principles and design of a fibre optic communications
teaching package and a cost effective extension module to this kit which enables
students to investigate the effects of noise, attenuation and dispersion on the bit error
rate at the receiver of laser and LED based digital fibre optic communication systems.

Keywords
photonics teaching laboratories, educational experiments, photonics education, optical
communications, bit error rates, eye diagrams, BER.

Summary
Optical fibre communications has proved to be one of the key application areas, which
created, and ultimately propelled the global growth of the photonics industry over the last
twenty years. Consequently the teaching of the principles of optical fibre
communications has become integral to many university courses covering photonics
technology. However to reinforce the fundamental principles and key technical issues
students examine in their lecture courses and to develop their experimental skills, it is
critical that the students also obtain hands-on practical experience of photonics
components, instruments and systems in an associated teaching laboratory. In
recognition of this need OptoSci Ltd, in collaboration with academics at Strathclyde and
Heriot-Watt Universities, has commercially developed a suite of fully self-contained
laboratory based photonics teaching packages for use in universities, colleges, and
industrial training centres.

One of these teaching packages covers experiments in fibre optic communications (ED-
COM). ED-COM enables students to; investigate the characteristics of the individual
communications system components (sources, transmitters, fibre, receiver), examine
and interpret the overall system performance limitations imposed by attenuation and
dispersion, conduct system design and performance analysis. To further enhance the
experimental programme examined in the fibre optic communications kit, an extension
module to ED-COM has recently been introduced examining one of the most significant
performance parameters of digital communications systems, the bit error rate (BER).
This add-on module, BER(COM), enables students to generate, evaluate and investigate
signal quality trends by examining eye patterns, and explore the bit-rate limitations
imposed on communication systems by noise, attenuation and dispersion.
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This paper will examine the educational objectives, background theory, and typical
results for these educator kits, with particular emphasis on BER(COM).

Introduction
In Engineering and Physics courses there is no substitute for student hands-on practical
experience of measurements made using real hardware and signals. Cost issues and
simplicity often drive the busy tutor to using computer simulations and until now this has
been the standard approach to student learning in the area of signal recovery and bit
error rate analysis in digital optical communications systems. Here we describe the
principles and design of a fibre optic communications teaching package and a cost
effective extension module to this kit which enables students to investigate the effects of
noise, attenuation and dispersion on the bit error rate at the receiver of laser and LED
based digital fibre optic communication systems.
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Design Philosophy
The overall educational aims of a teaching laboratory are to enable students to
consolidate their understanding and knowledge of photonics as presented in an
accompanying lecture course and to acquire practical experience of the design, analysis
and characteristics of photonics components and systems. To achieve these aims it is
essential to take a fully integrated approach to the design of laboratory based photonics
teaching packages including the design of dedicated hardware, experimental
procedures, exercises and manuals. To ensure that all desirable educational objectives
are met and that all of the most important scientific and technical principles, issues and
phenomena are addressed, we have developed our suite of fully integrated laboratory
based teaching packages in accordance with the following design rules

 Define the educational objectives in terms of the physical principles, important
technical features, design issues and performance characteristics which must
be addressed, with particular attention to facilitating student understanding
and ability to implement concepts.

 Define the experiments to meet these performance objectives.
 Design the dedicated (custom) hardware to enable the proposed experimental

investigation whilst keeping costs within realistic academic teaching budgets.
 Formulate the experimental procedure and manuals to guide the students

through the investigation and results analysis (in some cases more open
ended investigations may be formulated with minimal guidance to the
students).

 Formulate tutorial exercises and case studies to relate the results to real world
devices and systems.

The primary constraint is cost and the final packages must be affordable within higher
education budgets. In general, the packages have been designed as far as possible to
be self-contained so that as little ancillary equipment as possible is required. However,
where it is advantageous and cost effective to use equipment normally available in
student laboratories, the packages have been designed to be compatible with the
capabilities of such equipment e.g. a 20MHz or 50MHz oscilloscope.

Using the design principles referred to above, OptoSci, in collaboration with academics
at the University of Strathclyde, has commercially developed a unique range of fully self-
contained, laboratory based teaching packages for use in universities, colleges, and
industrial training centres. The current series of educator kits allow students to perform
detailed experimental investigations in key areas of optics, optoelectronics and optical
fibre communications1.

ED-COM Fibre Optic Communications
Optical fibre information transmission links enable more information to be transmitted
over greater distance than any other communications technology. Hence, they have all
but completely replaced copper based systems as the primary choice for global and
local telecommunications systems. Consequently, a working knowledge and
understanding of the components of a fibre optic communications system and the limits
imposed on the system performance by the component characteristics are invaluable for
any student intending to work with photonics systems. To satisfy this requirement
OptoSci introduced ED-COM, its Fibre Optic Communications educator kit in 1995 (see
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Figure 1). The objectives of the ED-COM experiments are to enable students to
experimentally explore, investigate and interpret:

 the main characteristics of the major components of a fibre optic
communications system i.e. the source / transmitter, the fibre channel
(attenuation, dispersion, pulse spreading etc.) and the receiver

 the overall system performance limitations imposed by the component
characteristics

- the maximum possible link length limited by attenuation
- the bit rate (and bandwidth) / length products determined by fibre

dispersion
 optical communication system design and performance analysis.

To achieve these objectives the students carry out the following investigations:

Stage 1. Power Budgets
 Measurement of the power / current characteristics, bias points and launched

powers of the laser and LED transmitters.
 Measurement of connector losses.
 Measurement of the fibre attenuation coefficient.
 Determination of fibre link lengths
 Measurement of the receiver noise and sensitivity.
 Calculation and comparison of the attenuation limited link lengths for the laser

and LED transmitters.

Sine/Square
Generator Laser Source

LED Source

Receiver

1km & 2km Fibre
Links

Figure 1: ED-COM Fibre Optic Communications educator kit
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Stage 2. Temporal Characteristics
 Measurement of the step function response of the transmitter / receiver, the

system and the fibre using both the laser and the LED. This enables the
determination of

- the fibre impulse response for both the laser and the LED
- the bit rate distance products for both the laser and LED transmitters.

 Measurement of the analogue signal frequency response of the transmitter /
receiver, the system and the fibre, leading to determination of

- the analogue bandwidth and bandwidth.distance products of the fibre
for both the LED and laser sources. It is interesting to compare the
directly measured bandwidth with that obtained from the step
response.

 Determination of the fibre intermodal and material dispersion coefficients.

Stage 3. System Performance and Analysis
 The design of systems to meet a given specification using the measured data.
 Analysis of the performance of systems to determine if they will meet a

required specification.
 Design and performance analysis for state of the art systems at 1.3 & 1.55m

to compare with the results for the system investigated.

The background theory and sample results for ED-COM will not be expounded here as
they have been reported in detail previously2,3.

BER(COM) Bit Error Rate in Optical Communications
Introduction
The bit error rate (BER) is the most significant performance parameter of any digital
communications system. It is a measure of the probability that any given bit will have
been received in error. For example a standard maximum bit error rate specified for
many systems is 10-9. This means that the receiver is allowed to generate a maximum
of 1 error in every 109 bits of information transmitted or, putting it another way, the
probability that any received bit is in error is 10-9.

The BER depends primarily on the signal to noise ratio (SNR) of the received signal
which in turn is determined by the transmitted signal power, the attenuation of the link,
the link dispersion and the receiver noise. Measurement of the BER is not a trivial
process and requires sophisticated and expensive equipment to achieve accuracy,
particularly at high bit rates. However, the effects of noise and other signal degradation
processes can be investigated qualitatively and perhaps even in a pseudo quantitative
manner by generating the “eye pattern” or “eye diagram” for the system.  Certainly signal 
and BER degradation trends can be readily seen due to the effects of signal attenuation
and dispersion.

Recently OptoSci has introduced an extension module to its very popular ED-COM Fibre
Optic Communications educator kit examining eye diagrams and bit error rates. This
new module is called BER(COM) and the key educational objectives for the students
during the experimental investigation in this module are
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 to learn how to generate and evaluate eye diagrams for a transmitted pseudo
random bit stream (PRBS)

 to investigate the trends in signal quality by evaluating the eye diagrams for the
many permutations of system design allowed by ED-COM, and

 to gain an appreciation of the effects of noise, attenuation and dispersion on the
eye diagrams and the BER

BER(COM) is an extension module to the ED-COM educator kit and must be used in
conjunction with this kit (see Figure 2). BER(COM) consists of a PRBS generator with
data and clock output ports. The non return to zero PRBS pattern repeats every 511
(2N=9-1) bits and in random order all possible bit sequences for N bit words up to N = 9.
The PRBS bit rate may be varied from 1Mbit/s to 40Mbit/s using the rotary control knob
on the front fascia and the bit rate is displayed on the front panel LCD. When used with
the ED-COM fibre reels, the additional 2km graded index fibre reel supplied allows fibre
links of 1km to 5km to be investigated with the ED-COM laser, LED and receiver.

BER(COM) Unit1km to 5km Fibre
Links

ED-COM Unit

Q-Factor Analysis
Software

Figure 2: ED-COM and BER(COM) units in operation

Q-factor Analysis software (Figure 3) is also provided with BER(COM) to enable a digital
oscilloscope to sample the received signals in the centre of the bit period, transfer the
samples to a PC and then analyse them. The analysis algorithms in the software enable
the construction of a signal level histogram (i.e. a plot of the number of samples
occurring in a narrow voltage range versus voltage) which is essentially the probability
distribution of the signal levels around the mean 0 and 1 levels. Theoretical Gaussian
distributions are curve fitted within the software to the measured distributions, the signal
level (noise) variances are extracted and the Q-factors and BER are determined. As
with all of OptoSci’s educational kits, a detailed student manual covering the relevant 
background theory and experimental procedure and a comprehensive instructor manual
with full sample results for all the experiments are also provided.
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Figure 3: Q-factor analysis software showing voltage histogram and analysis results

Theory
In a digital optical telecommunications receiver, the incident signals are sampled in the
centre of the bit period and the sampled level is compared to a threshold to determine
the presence of a one or zero. With threshold detection of this nature errors arise when
noise in the system pulls a one signal level below threshold at the sampling point and
pushes a zero above threshold (see Figure 4).

TB

21 3 4
01 1 0
01 0 1

Bit Period
Transmitted Signal
Received Signal

= Sample Point

v1

vTH

v0

Figure 4.: Threshold detection in digital receivers, illustrating the possibility of errors in
the presence of random noise

Clearly, due to the random nature of the noise the total signal can be above threshold for a
0 and below for a 1 giving rise to a non zero probability of errors occurring with an
associated bit error rate (BER) defined by:-

t

e

N

N
BER  (1)
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where Ne is the number of errors occurring in time t and Nt is the number of bits arriving
in time t. The bit error rate (BER) is simply the probability that an error will occur in a
given bit period.

Clearly from Figure 4, if we have greater SNRs, we can set higher threshold levels (vth in
Figure 4) relative to the noise and hence reduce the probability of error. It is standard
practice in digital telecommunications to ensure by design that a specified BER is achieved.
For some applications the maximum specified BER is 10-9 implying that only one error in
109 received bits is tolerated e.g. 1 error per second at a bit rate of 1Gbit/s. For
telecommunications applications the specified maximum BER falls in the range 10-9 to 10-12.

To calculate the probability of error, we need to establish the noise statistics and compute
the probability that the noise level at any given sampling point pushes the signal to the
wrong side of the threshold for a 1 or 0 transmitted. Figure 5 illustrates the basics of the
calculation. Essentially, at the sampling point in any bit period, the signal is varying
randomly about some mean value due to the random noise fluctuations i.e. the sampled
signal level is a random statistical variable about its mean. To determine the probability of
error we need to know the signal probability distribution functions [pi(v)dv, i = 0 or 1] for the
0 and 1 levels i.e. the probability that the sampled signal level will fall between level v and v
+ dv as a function of v for a received 0 and 1 signal, where v0 and v1 are the mean levels for
a received 0 and 1 respectively. Illustrations of such functions are presented in Figure 5. It
should be noted that the probability distribution functions (PDFs) for 0 and 1 received
signals may be different since different noise processes may dominate the two regimes.
This is reflected in Figure 5. However, for many applications, particularly when thermal
noise limits apply, the PDFs are identical for both 0 and 1 levels.

v1

vTH

v0

P0

P1

p1(v).dv

p0(v).dv

Figure 5: PDFs [pi(v) dvi, i=0,1] for levels of 0 and 1 (v0 and v1) in the presence of
random (Gaussian) noise. The probabilities of error on a 0 signal
(P0-shaded) and 1 signal (P1-hatched) are also indicated

The total probability that a 0 signal is recorded in error as 1 is the area under the probability
distribution function, p0(v).dv, for v > vth (shaded area of Figure ). Also, the total probability
that a 1 signal is recorded in error as 0 is the area under the probability distribution function,
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p1(v).dv, for v < vth (hatched area of Figure ). Hence, the probabilities (Pi) that a received
signal of level i is recorded wrongly for i = 0 and i = 1 respectively are:





thv

dvpP 00 and 
 thv

dvpP 11 (2 & 3)

In the interests of simplicity, we shall adopt a useful approximation in assuming that the
noise is a Gaussian random variable. This means that the PDFs [pi(v)dv, i = 0 or 1] for
the sampled signal voltage at the receiver output are Gaussian functions with a mean
voltage of vi and a variance of i

2 = vN
2, where vN is the root mean square (rms) noise

voltage. Assuming equal numbers of 1s and 0s in the bit stream and evaluating the
integrals of equations (2) and (3), the BER, or error probability, Pe can now be written
as4

 )2(1
2
1

QerfPBER e  (4)

where, for thermal noise limited detection (equal noise on 0 and 1 levels)

Q = (1 - th) /N and th = (1 - 0) / 2. (5)

For this parameter set, Q is in fact the signal to noise ratio and the threshold voltage is
half of the received average 1 level. Hence we can easily determine the BER from
equation (4).

Figure 6 shows the variation in the BER as a function of Q according to equation 4. The
maximum acceptable bit error rate in a telecommunications system is 10-9 and system
specifications often demand BERs down to 10-12. Such specifications imply the need for
Q values of 6 and 7 respectively or SNRs of 12 and 14.
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Figure 6: Error probability Pe versus error probability factor Q

In addition to the quantitative approach above, much qualitative information may be
gained from generating what is known as the eye diagram. To observe statistical
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variations in the received signal we need to be able to display many bits (hundreds or
even thousands) of both 1s and 0s in various sequences all superimposed on one
another. This can be done by transmitting a square pulse non return to zero (NRZ)
pseudo-random bit stream (PRBS) and displaying the receiver output on the
oscilloscope which is triggered by the PRBS clock. In such an arrangement, the
oscilloscope displays the signal every few clock cycles or indeed every clock cycle
depending on the timebase setting. If we now utilise the persist function many signal
sequences are displayed superimposed on each other and we can see the effects of the
statistical phenomena, such as noise and jitter, on the signal features.

BER (COM) in conjunction with ED COM enables the generation and investigation of
eye diagrams for various conditions of signal attenuation, dispersion and noise. In
addition, it enables the measurements and recording of the 0 and 1 sampled signal
levels for a large number of bit periods. From these the noise probability distribution
functions and the rms noise voltage may be determined allowing the Q factors and BER
to be calculated.
Experimental Programme
The BER(COM) educator kit enables the generation of eye diagrams for all the system
permutations of OptoSci’s Fibre Optic Communication educator kit (ED-COM). Under
the experimental programme the students perform the following investigation:
 Generate and evaluate eye patterns and use them as a qualitative diagnostic tool
 Perform rise time, pulse width, jitter and noise measurements
 Examine bit-rate limitations due to noise, attenuation and dispersion
 Estimate Q-factors and Bit Error Rates (BER) from noise amplitude measurements

on an oscilloscope
 Generate and analyse eye pattern histograms with OptoSci’s Q-factor analysis

software to estimate Q-factors and Bit Error Rates
 Examine and compare LED and Laser responses over different fibre lengths and at

various bit rates

Some of the results from a typical set of measurements obtained using ED-COM and
BER(COM) will be examined in more detail in the following section.
Sample Results and Analysis
Typical Eye Diagram Measurements
Figure 7 illustrates the typical measurements which are made on an eye diagram in
order to provide semi-quantitative information about the transmission quality of a
communications link.
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Figure 7: Sample measurements on eye diagrams.

Investigation of Eye Diagrams for LED Transmitter
The eye diagrams for LED transmission at 20 and 40 Mbit/s through each of 2 km, 3km
and 4km of fibre are displayed in Figure 8.

As the transmission length increases at 20Mbit/s, the signal strength and SNR decrease
due to signal attenuation. The effects of dispersion also become more evident with the
rise time increasing with longer link lengths and the 80% pulse width decreasing as a
percentage of the bit period. Pulse spreading with increasing rise times and decreasing
width as a fraction of the bit period serves to increase the BER as the available sampling
window in the centre of the pulse reduces. However, at 20Mbit/s the effects of
dispersion on the BER are limited since the bit period is long and there is significant
tolerance for the timing of the sampling point. The threshold level and the Q-factor
decrease with length and of course this will be accompanied by an increase in the BER
from this effect.

At 40Mbit/s as the transmission length increases, the signal strength and SNR similarly
decrease due to signal attenuation. However, the effects of dispersion now become
very significant. The rise time increases to equal the bit period and the 80% pulse width
reduces to a small percentage of the bit period. Coupled with increasing pulse jitter and
jitter on the sampling clock there is an increasing probability that the sampling point will
be off centre and not coincident with the peak of the signal, resulting in increased BER.
In addition, for distances of 3km and beyond, the effects of inter symbol interference
(ISI) can be clearly seen. The pulses have spread significantly into adjacent bit periods
resulting in a reduction of the peak signal strength and an increase in the noise level.
These effects serve to take the noise closer to the threshold level, with concomitant
degradation in the BER.
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2km

3km

4km

20Mbit/s 40Mbit/s

Figure 8: Eye diagrams for LED transmitter at 20 and 40 Mbit/s over 2km, 3km, and
4km.

Investigation of Eye Diagrams for Laser Transmitter
Figure 9 depicts the eye diagrams for Laser transmission at 20 and 40 Mbit/s through
each of 2 km, 3km and 4km of fibre.

The trends as regards SNR, Q-factor and BER are very similar to those for the LED
except that the laser power at the input is considerably greater. The main differences
arise from the effects of dispersion. The rise time and the 80% pulse width do not
change as significantly with length for the laser relative to those for the LED. This is
indicative of much lower dispersion. The LED linewidth is very broad (>30nm) whilst the
laser linewidth is narrow (~1nm). Hence, pulses from the LED experience a significant
level of both material and inter-modal dispersion and spread much more quickly than the
laser pulses for which material dispersion is insignificant due to the narrow laser
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linewidth. As a result of the reduced dispersion, it can be seen that the laser eye
diagrams do not show any signs of significant ISI compared with the LED operating at
40Mbit/s at distances over 3km.

2km

3km

4km

20Mbit/s 40Mbit/s

Figure 9: Eye diagrams for Laser transmitter at 20 and 40 Mbit/s over 2km, 3km,
and 4km.

Investigation of Q-factor and BER as a function of increasing link length with the
Q-factor Analysis Software
Using the Q-factor Analysis software described previously, the students establish the
best fit Gaussian functions to the sampled data around the mean 0 and 1 signal levels in
order to determine the Q-factor and the BER. Typical Q-factors and BER values for both
the LED and laser transmitters operating at 40Mb/s over 1-5km are listed in Table 1.
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Table 1: Q-factor & BER variation with link length at 40Mb/s
LED Transmitter Laser Transmitter

Length/km Q BER Q BER
1 33.5 < 10-25 21.6 < 10-25

2 11.2 < 10-25 19.9 < 10-25

3 4.52 3.1x10-6 21.2 < 10-25

4 2.43 7.6x10-3 8.65 3.1x10-18

5 1.37 8.5x10-2 3.15 8.2x10-4

High Q-factors in excess of about 10 and the corresponding BER values are pretty much
meaningless essentially the BER is 0 in such situations. From Table 1 it can be seen
that the Q-factor and BER both degrade as a function of increasing link length for both
the LED and Laser transmitters, but those for the LED degrade much faster, particularly
beyond 2km. Degradation occurs in both due to the attenuation in the fibre resulting in
decreasing received signal power and SNR with increasing length. However, the
degradation for the LED is more severe due to increased levels of pulse spreading and
inter symbol interference. This is supported by the earlier risetime measurements, etc.
and the evidence of ISI in the eye diagrams. There is no evidence of significant pulse
spreading and ISI in risetime measurements or in the eye diagrams for the laser
transmitter, so BER degradation for the laser arises mainly from attenuation. Pulses
from the LED suffer greater spreading and ISI than those for the laser as a result of the
increased linewidth of the LED output giving rise to a significant level of material
dispersion in addition to intermodal dispersion. Material dispersion for the laser pulses is
insignificant relative to intermodal dispersion due to the laser’s narrow linewidth and 
pulse spreading does not significantly degrade the BER at lengths up to 5km.

Investigation of Q-factor and BER as a function of increasing bit rate using the Q-
factor Analysis Software
The measured Q-factors and BER values for both the LED and laser transmitters
operating over 4km at bit rates of 10, 20, 30 and 40Mb/s are presented in Table 2.

Table 2: Q-factor & BER variation with bit rate over 4km
LED Transmitter Laser Transmitter

Bit Rate/Mbs-1 Q BER Q BER
10 6.86 3.4x10-12 10.8 < 10-25

20 6.29 1.6x10-10 8.94 2.0x10-19

30 3.84 6.1x10-5 8.83 5.2x10-19

40 2.43 7.6x10-3 8.65 3.1x10-18

For a fixed link length the total fibre attenuation is fixed and degradation of the Q-factor
and BER with increasing bit rate can only be caused by pulse spreading and ISI. Clearly
from Table 2 there is significant degradation for the LED transmitter but little or no
degradation for the laser. Both the laser and LED output pulses are affected similarly by
intermodal dispersion, but only the LED output experiences significant levels of material
dispersion due to its large linewidth. The additional contribution from material dispersion
leads to the Q and BER degradation seen for the LED transmitter, whereas the laser
transmission, with only intermodal dispersion being significant, exhibits little degradation.
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Conclusions
In this paper we have described a laboratory educational package which has been
developed to allow students to explore and examine the key components (sources,
transmitters, fibre link and receiver) of an optical fibre communications system and
experimentally investigate how the performance of such communication systems is
limited by the effects of noise, attenuation and dispersion. This conceptual
understanding of the performance of a fibre optic communications system is further
developed in an extension module to the fibre optic communications package examining
one of the primary figures of merit for a communications system, the bit error rate. This
add-on module allows students to generate, evaluate and investigate signal quality
trends using noise amplitude measurements on eye patterns and also statistical analysis
of eye pattern histograms in order to appreciate the bit-rate limitations imposed on
communication systems by noise, attenuation and dispersion.
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Education and Training for Technicians in Photonics-Enabled Technologies

Daniel M. Hull, CORD, and Darrell M. Hull, PhD, Baylor University

Summary
Within a few years after lasers were first made operational in 1960, it became apparent
that rapid growth in the applications of this new technology in industry, health care, and
other fields would require a new generation of technicians in laser/optics engineering.
Technicians are the men and women who work alongside scientists and engineers in
bringing their ideas, designs, and processes to fruition. In America, most highly qualified
technicians are graduates of associate of applied science (AAS) programs in community
and technical colleges (two-year postsecondary institutions). Curricula and educational
programs designed to prepare technicians in laser/electro-optics technology (LEOT)
emerged in the 1970s; today there are over 15 LEOT programs in the United States
producing over 100 LEOT graduates each year. Those graduates are in high demand.

With the emergence of numerous medical and telecommunication applications in the
1980s, including fiber-optics, the field of laser/electro-optics evolved into photonics, a
broad field encompassing optoelectronics, micro-optics, lasers, digital imaging,
spectroscopy, optical instruments, and optical systems.

Photonics applications continue to expand. Today photonics is not only a technology
field in and of itself; it is also an enabler of nearly every other technology field, including
microtechnology, measurement and materials processing, remote sensing,
photolithography for semiconductors, nanotechnology, electro-optics displays and
imaging, and homeland security. All of the technology fields of the American Association
of Community Colleges’ Pathways to Technology involve optics and photonics
technology (http://www.pathwaystotechnology.org/).

Photonics—An Enabling Technology

Aerospace technology—Uses LiDAR (laser RADAR systems) and laser altimeters,
imaging systems for test and analysis of aircraft, holographic heads-up displays, and
optical pattern recognition systems for navigation • Agricultural technology—Uses
satellite remote sensing to detect large-scale crop effects, scanning technology and
infrared imaging to monitor food production and quality, and sensor systems for planting
and irrigation • Biomedical technology—Uses lasers for surgery, therapies such as
photodynamic therapy, and in situ keratomileusis (LASIK) procedures; uses testing and
analysis devices such as noninvasive glucose monitors • Construction technology—
Includes scanning site topography, laser bar-code readers to inventory materials, and
three-dimensional analysis to track the progress of construction • Engineering,
microtechnology, and nanotechnology—Uses lasers in manufacture of electrical
devices, motors, engines, semiconductors, circuits, and computers. Via
photolithography, photonics is central to mems production. • Environmental
technology—Uses ultraviolet doppler optical absorption spectroscopy (UV-DOAS) to
monitor air quality, and uses fast fourier transform analysis to monitor particulate matter
in effluents released from stacks • Geographic information systems and global
positioning—Uses photonics technology in imaging and image processing to refine
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atmospheric and space-based images • Information technology—Uses optics for data
storage, ultrafast data switching, and (especially) for transmission of data across fiber-
optic networks • Chemical technology—Relies on molecular optical spectroscopy for
analysis and on ultrashort laser pulses to induce fluorescence in materials. In addition,
chemical vapor deposition and plasma etching support photonics thin-film applications. • 
Transportation technology—Uses optics for monitoring exhaust emissions to ensure
the integrity of shipping containers arriving from foreign ports and for navigation with ring
laser gyroscopes • Homeland security—Uses optics and lasers for forensics,
surveillance, monitoring, and personal identification

Projected Demand for Photonics Technicians—Rapid growth in the number and
complexity of photonics and photonics-enabled technologies has caused the demand for
technicians to grow despite a national economic downturn. According to a recent survey
of employers, the number of U.S. technical jobs in photonics and photonics-enabled
technologies is expected to grow more than 1800/year on average through 2009, an
increase of more than 6% per year.1

Growth in the demand for technicians in photonics and photonics-enabled
technologies has in turn created a need for new educational programs and tools. While
two-year AAS and one-year certificate programs in optics, laser/electro-optics, and
photonics exist, the availability of programs and supporting materials is far from
adequate. Moreover, the gap between the educational status quo and the realities
of the marketplace—particularly in photonics-enabled technologies—is about to
become much wider, given changes that the field is undergoing. Recognition of this
fact among educators was recently brought to light under the STEP II (Scientific and
Technological Education in Photonics, NSF DUE/ATE 0202424) pilot program, in which
36colleges expressed interest in using STEP’s photonics fundamentals courses as 
electives in photonics-enabled fields.

Although some colleges with full AAS degree programs in optics and photonics will
continue to use the STEP instructional materials, a decision has been made to focus
future curriculum development on the needs of institutions that offer programs in

1 Darrell Hull and Agustin Navarra, “Photonics Technician Employment Projections: An Industry Survey
Report” (unpublished manuscript). Projections based on survey responses from an available population of
businesses taken from the Laurin Publishing Company’s Corporate Directory.
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photonics-enabled technologies. It is recommended that those institutions infuse into
their programs all or part of the following two courses, for which STEP instructional
materials (student modules) have been completely developed and tested in pilot courses
at colleges:

Course 1. Fundamentals of Light and Lasers

Module 1. Nature and Properties of Light

Module 2. Optical Handling and Positioning
Module 3. Light Sources and Laser Safety

Module 4. Basic Geometrical Optics
Module 5. Basic Physical Optics

Module 6. Principles of Lasers

Course 2. Elements of Photonics
Module 1. Operational Characteristics of Lasers

Module 2. Specific Laser Types
Module 3. Optical Detectors and Human Vision

Module 4. Principles of Optical Fiber Communication

Module 5. Photonic Devices for Imaging, Storage, and Display
Module 6. Basic Principles and Applications of Holography

In addition, the following application modules have been (or are being) developed:

A. Lasers in Medicine and Surgery
B. Medical Laser Types/Characteristics and Laser Diagnostics (under

development)

C. Laser Welding and Surface Treatment
D. Laser Material Removal: Drilling, Cutting, and Marking

E. Laser Testing and Measurement: Alignment, Profiling, and Position Sensing
F. Lasers in Testing and Measurement: Interferometric Methods and NDT

G. Lasers in Forensic Science and Homeland Security
H. Laser Spectroscopy in Environmental Sensing (under development)

Additional application modules will be developed as the need arises.
How will photonics instruction be infused into instruction in other technologies?—Each
STEP module is a “stand-alone” unit of instruction containing learning objectives, 
presentation of content, demonstrations, example problems, laboratory exercises,
problem assignments, and references. The relative independence of the modules allows
them to be grouped in combinations that tailor their content to the optics/photonics
aspects of a wide variety of technologies. For instance, in manufacturing, two
laser/optics courses could be taught. The modules in Course 1 would constitute a one-
semester course. The second-semester course would be constructed using the first
three modules from Course 2, plus application modules C, D, E, and F. Other selections
could be made as appropriate to the teaching content required in other technologies.
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Mathematics for Photonics Education

Leno S. Pedrotti1, Gary Beasley2, James P. Sherman3

1. Center for Occupational Research and Development (CORD), Waco, TX 76710
2. Central Carolina Community College, Lillington, NC 27546
3. Indiana University of Pennsylvania, Armstrong Campus, Kittanning, PA 16201

Abstract
The successful completion of two-year AAS photonics technician programs requires a
working knowledge of certain mathematics skills. This paper identifies those key skills
and describes available learning materials--titled Mathematics for Photonics Education--
developed as a review and study guide to help students strengthen their mathematics
abilities. The learning materials are supported by diagnostic assessments designed to
help identify areas of mathematics weakness and thereby indicate corrective
procedures. The paper concludes with evidence from the field concerning the use and
effectiveness of the diagnostic test and learning materials.

Keywords
Photonics, technician education, mathematics skills, diagnostic tests, study-guide
materials.

Summary
I. Introduction
Over the past twenty-five years, CORD has developed considerable experience in the
laser/electro-optics and photonics area—creating curriculum, conducting workshops,
and evaluating student achievement in self-help courses. Based on these experiences,
CORD has learned that certain sets of basic mathematics skills are essential for
satisfactory progress in mastering the technical content of photonics material found in
typical two-year education programs. In general, students entering Associate of Applied
Science (AAS) programs come with varying backgrounds in mathematics and wide-
ranging retention levels of mathematics they once learned.

Consequently, to help photonics technicians begin their studies with adequate math
skills, CORD has developed a special text—Mathematics for Photonics Education. This
text pulls together key topics in algebra, geometry, trigonometry, and graphing, and
provides teachers and students with appropriate review and study guide materials
designed to strengthen mathematics skills as needed to pursue classroom and
laboratory work in photonics. In addition, CORD has developed an entry-level diagnostic
assessment instrument which can be administered at the beginning of the two-year
program of study to detect areas of weakness. Appropriate corrective measures can
then be taken early in the program to fortify the skills requiring more practice.

II. Learning Materials
A careful analysis of the mathematics skills required to perform satisfactorily in two-year
photonics technician education programs has led us to eleven topical areas listed below:
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 Scientific notation
 Unit conversion
 Introductory algebra
 Powers and roots
 Ratio and proportion
 Exponents and logarithms

 Graphing in rectangular
coordinates

 Geometry
 Angle measures in two and

three dimensions
 Trigonometry
 Special graphs

The learning materials developed for each of the eleven topical areas includes the
following pedagogical outline:
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 Learning objectives
 Photonics technician scenario with typical math problem
 Explanation of core math concepts
 Example problems with solutions
 Practice exercises with answers
 Useful information in appendix

Photonics Scenario. The learning objectives for each topic are followed by a photonics
scenario--a typical problem that photonics technicians are likely to meet in their studies or in the
workplace. The scenario is intended to persuade students of the need for mastery of the
mathematics skills covered in the topic under study.

Math Skill Development. The core of the presentation in each of the eleven sections is devoted
to an explanation of the appropriate mathematics concerned with the concept under discussion.
The concepts and mathematics are woven together to provide the students with the necessary
mathematics skills. Example problems are used frequently in the presentation of the
mathematical concepts to illustrate the correct use of the mathematics. The core explanatory
section closes with a solution to the scenario problem posed at the beginning of the section. At
this point, the problem and its solution should be quite understandable to the students.

Practice exercises. The end of each section is devoted to a series of practice exercises.
Students are encouraged to work out the practice exercises and then compare their solutions
with those given at the very end of the section. In this way, they can reach a certain degree of
closure concerning mastery of the material. In general, there are 5 or 6 practice exercises for
each section.

III. Diagnostic Assessment Materials

As mentioned earlier, students entering a typical two-year AAS program in photonics arrive with
varying backgrounds and aptitudes in mathematics. Certainly, formal mathematics courses
offered by two-year institutions do provide required foundations in general mathematics skills.
Often, however, specific math skills are required before these skills come up in formal
mathematics courses, and thus their absence must be addressed in a timely manner.

Toward this end, an associated assessment instrument containing forty-seven multiple-choice
questions and titled “Entering Student Assessment for Mathematics for Photonics Education” 
has been prepared to assist both students and teachers in determining the students’ 
“mathematics readiness.”  The 47 questions cover mathematical understanding in handling 
numbers, simple algebra, simple plane geometry, and skills in graphing. Based on the
assessment, the material in Mathematics for Photonics Education can be used to help entering
students in several ways:

 The material can be presented as a whole in a “regular class” with teacher lecture and 
practice sessions, generally not for credit.

 The material can be assigned for appropriate students to “learn on their own” with 
occasional instructor monitoring and help.
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 The material can be used “piecemeal” in a self-learning mode—by students who require
review in one or more specific mathematics areas.

 The material can be combined with other mathematics remediation materials

IV. Results from the Field

The Mathematics for Photonics Technicians learning materials were “field-tested” in two schools 
in the year 2004—Central Carolina Community College (CCCC) in North Carolina and Indiana
University of Pennsylvania (IUP) in Pennsylvania.

IUP Report
Department Chair James P. Sherman and Instructor Ron Freda used the review and study
guide materials in an AAS/BS electro-optics degree program in a course titled “Prelude to 
Physics” in the Fall of 2004.  Of the 9 students involved, 8 had extremely weak to marginal math
entry skills. One, a BS degree candidate, had good math skills. Department Chair Sherman
reported that:

“All but two of the students passed the course and only one student received an A.  
By and large, students expressed satisfaction with the Mathematics for Photonics
Technicians text. They liked the worked examples and the applications of math
topics to photonics problems. One student felt that the text was too easy while the
others believed that it was level-appropriate. The instructor also seemed satisfied
with the text, although he felt that supplementary material was needed in certain
parts of the course. In terms of meeting the needs of our EO program, I believe
that the book is level-appropriate for the 2-year student possessing weak math
backgrounds. The addition of topics such as Phasors will be a welcome addition to
the text, since we utilize the topic in several of our courses.”

CCCC Report
Instructor Gary Beasley informed CORD that the review and study guide materials were used at
CCCC in conjunction with a first course in photonics, LEO 111, “Lasers and Applications”.  
Enrolled students had average and below-average math skills. In the words of G. Beasley:

“Mathematics for Photonics Education” was integrated into LEO 111 during the
spring semester of 2004. It was so successful, and so completely embraced by the
students, it has since permanently been made a part of LEO 111. The integration
was implemented by assigning the students one chapter a week as an extra
homework assignment. Each week, these assignments were graded and
reviewed. This approach has significantly reduced the amount of time being spent
explaining the use of math tools to solve photonics problems in LEO 111 and
higher level core courses.”

Feedback from CCCC students about helpful parts of Mathematics for Photonics
Education included:

1. Emphasis for showing units during conversion exercises
2. Step-by-step examples
3. Answers with step-by-step solutions
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4. Real world photonics examples
5. Math went hand-in-hand with core course subject matter
6. Strong detailed photonics geometric examples and exercises
7. Excellent reference material in appendices about conversion tables

and tips for using scientific calculators.

All students strongly recommended continuing the integration of Mathematics for
Photonics Education in LEO 111.

V. Conclusion

Most students entering two-year education programs for photonics technicians require a review
of certain mathematics skills before beginning their studies. CORD has identified key
mathematics skills which technicians should possess at time of entry and has prepared
appropriate learning materials to help them achieve these skills. To help students and teachers
determine the level of mathematics skills that entering students possess, an assessment
instrument has been designed. With the help of this instrument and the related learning
materials identified in Mathematics for Photonics Technicians, it is hoped that students can
begin a photonics AAS program with the requisite mathematics skills at their disposal.
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Career Pathways and Ladders for Photonics Technicians

Arthur H. Guenther1 & Daniel M. Hull2

1Center for High Technology Materials, University of New Mexico, Albuquerque, New Mexico
2CORD Waco, Texas

Summary
Introduction
Since operational lasers were first demonstrated in 1960, the field of laser/electro-optics has
become an indispensable, rapidly expanding component of modern industry. With the
emergence of numerous medical and telecommunication applications in the 1980s, including
fiber-optics, the field of laser/electro-optics evolved into photonics, a broad field encompassing
optoelectronics, micro-optics, lasers, digital imaging, spectroscopy, optical instruments, and optical
systems. Today photonics is not only a technology field in and of itself but is also an enabler of nearly
every other technology field, including microtechnology, measurement and materials processing, remote
sensing, photolithography for semiconductors, nanotechnology, electro-optics displays and imaging,
and national defense.

Rapid growth in the number and complexity of photonics and photonics-enabled technologies
has significantly increased the demand for technicians in photonics and related fields. According
to a recent survey of employers, the number of U.S. technical jobs in photonics and photonics-
enabled technologies is expected to grow an average of more than 1800 per year through 2009,
a trend that represents an increase of more than 6 percent per year (Figure 1).2 This trend is
consistent with the findings of a study by the National Research Council, the administrative arm
of the U.S. National Academies of Science and Engineering, which concluded that optics and
photonics will be the principal technology-based economic driver of the 21st Century.3

2 Darrell Hull and Agustin Navarra, “Photonics Technician Employment Projections: An Industry Survey Report” 
(unpublished manuscript). Projections based on survey responses from an available population of businesses taken
from the Laurin Publishing Company’s Corporate Directory.
3 Harnessing Light: Optical Science and Engineering for the 21st Century (National Academy Press, 1998).
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Figure 1. U.S. Photonics Technician Employment Trend

Most of the current and projected positions for technicians in optics, photonics, and
photonics-enabled technologies require postsecondary education and training, but not
necessarily baccalaureate degrees. The preferred credential is the associate degree.
Consequently, the rapid growth of optics and photonics applications, along with the projected
need for new photonics technicians, is placing a growing—and largely unmet—demand on two-
year postsecondary educational institutions. Not only in the United States but in other countries
as well, the capacity of existing two-year postsecondary programs in photonics and related
fields is insufficient to meet the anticipated demand for technicians. The availability of up-to-date
curricula in those fields is also severely limited.

The effects of the shortage of programs and curricula at the postsecondary level are
compounded by conditions at the secondary level. The weak math and science skills of many
high school students disqualify them from entering demanding technical postsecondary
programs. Moreover, very few high schools effectively alert students to the numerous career
opportunities available in optics and photonics. In the main, the majority of secondary schools
fall short in attracting young people to, and preparing them for, this exciting, rewarding, and
expanding field.

This situation calls for a six-to-eight-year, secondary-postsecondary photonics education
pipeline, that is, an educational pathway leading from the early years of high school through the
associate degree and beyond. The envisioned pipeline would provide a means for high school
students to begin to focus on optics and photonics early (preferably beginning in the ninth
grade), lay a solid foundation in math and core science skills, acquire strong employability skills
(e.g., communication, problem solving, and teamwork), earn college credits through dual
enrollment and articulation, and gain work-based experiences (including paid internships).
Following high school graduation, students in the pipeline would be well prepared to enter
demanding two-year technical programs and, in many cases, would already have
postsecondary credits in hand.

The need for a photonics pipeline in the United States is being met through the partnering of
secondary and postsecondary schools and businesses in what are called Career Pathways.4

4 The most up-to-date and comprehensive book on Career Pathways is coauthor Dan Hull’s just-released Career
Pathways: Education with a Purpose (Waco, Texas: CORD, 2005).



99/416

This innovative movement is an outgrowth of the Tech Prep/Associate Degree programs that
have evolved in the United States since 1990.5 Representatives from secondary and
postsecondary institutions have met with employers in broad-based partnerships designed to
prepare students for groups of occupations (i.e., “career clusters”) by creating unified curricula 
that align high school course offerings with college offerings, thereby ensuring that students are
well-qualified to make the transition from secondary to postsecondary without course duplication
or remediation.

A Career Pathway is a carefully coordinated sequence of rigorous academic and technical
courses that begins in the ninth grade and leads to an associate degree, industry-recognized
certificate, licensure, and/or baccalaureate degree or higher. Each Career Pathway is
developed, implemented, and maintained by a partnership involving secondary and
postsecondary education, business, and employers. In most cases, Career Pathway students
have opportunities to earn college credits in their chosen technical fields while still in high
school. In addition to classroom work and laboratories, Career Pathways normally involve paid
student internships for which the students receive credit toward their secondary and
postsecondary diplomas.

The vertical coordination of Career Pathways helps to identify and remedy potential problems
before they can adversely affect students’ progress. For example, secondary students in the 
Photonics Pathway are assessed for their mathematics ability early in high school. Where
weaknesses are identified, the students are given specialized support as needed to prepare
them to move from each rung on the educational ladder to the next.

The Albuquerque Model
An exemplary model of an Optics and Photonics Career Pathway is a partnership in

Albuquerque, New Mexico, involving the Photonics Academy at West Mesa High School
(WMHS), TVI Community College, and the University of New Mexico. Students are recruited
into the program via outreach activities targeting WMHS’s three feeder middle schools. Those 
activities include laser demonstrations (always popular with students), presentations by
employers and other professionals, printed materials, videos, and many “gee whiz” experiences 
provided by professional societies and other partners.

Each Photonics Academy student follows an articulated 4+2 course sequence similar to the
one pictured in Figure 2.6 The curriculum is designed to impart the skills identified by area
employers as essential to success in New Mexico’s high-tech environment, in which photonics-
and optics-enabled technologies are especially prominent.

5 See Dan Hull and Dale Parnell, Tech Prep Associate Degree: A Win/Win Experience (Waco, Texas: CORD, 1991).
6 Source: The National Photonics Skill Standards for Technicians (Waco, Texas: CORD, 2003), p. 53. The same
document provides skill standards for six photonics-enabled technologies (communication, lighting and
illumination, medicine, manufacturing, imaging and remote sensing, and optoelectronics), foundational knowledge
components for two-year photonics education programs, and outlines for three high school courses and eight
postsecondary courses pertaining to the optics and photonics pathway.
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Figure 2. An Example of a Photonics Technology 4+2 Course Sequence7

The Photonics Academy is now over four years old and enrolls over 125 students per year.
Admission is selective: Each year only 32 ninth graders are enrolled. Student interest in the
program is very high. Last year over 90 students entering WMHS requested either the
Photonics Academy program or a parallel Advanced Technology Academy program. The
Photonics Academy makes every effort to be inclusive with respect to women and minorities. At
WMHS, of the entering Photonics Academy students, approximately two-thirds are minority
students and over half are female. As a result there is plenty of competition. Now, after four
years, the average GPA is above 3.5 and is increasing as the program matures.

One of the greatest benefits of the Photonics Academy program is that each year Sandia
National Laboratory selects several graduates for immediate half-time employment. Those
students simultaneously complete associate degrees at TVI at Sandia’s expense. The
enrollment of TVI’s photonics program is currently 55 students, most of whom have advanced 
academic standing. That number is significant, given that, in all probability, many of those
students would otherwise no longer be in school. Thanks to the pipeline created by the WMHS-
TVI program, not only do those students enjoy the satisfaction of advanced standing toward
AAS degrees, they are confident that they can complete their degrees and they have a clear
sense of the steps they will take after completing their education.

7 The term “4+2” signifies four years of secondary coursework plus two years of postsecondary coursework.
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The Photonics Academy
program gives students many
options. Internships are available at
all levels; most provide further
credit toward the meeting of
educational requirements. The
program facilitates various
combinations of simultaneous part-
time school and work and enables
students to exit and reenter as they
gain experience, maturity,
confidence, and knowledge on the
job. The program also prepares
them to continue their education
beyond the associate degree level.
Figure 3 provides a schematic of
the program’s levels and exit and 
reentry points.

Three additional activities and
indicators are noteworthy. First, the
program’s directors have created a 
New Mexico Alliance for Optics and
Photonics Education, whose many
partners give of their time and
financial support through equipment
grants and other contributions.
Second, WMHS has become the
first high school chapter of a
professional society (SPIE). And
finally, through its constant efforts
in curriculum development, CORD
continues to create more advanced
and up-to-date instructional
modules through its NSF-funded
STEP project (Scientific and Technological Education in Photonics, NSF DUE/ATE 0202424).
CORD’s pioneering efforts in the Career Pathways movement serve not only to promote optics 
and photonics education but education in other career fields as well.

Two important lessons learned through the Photonics Academy are that young learners are
worth investing in, and that model programs like the Photonics Academy require committed
teamwork. When Career Pathways partners leave their egos at the door and commit
themselves to the greater good of the collective benefit of all participants, the results can be
dramatic.

The three most important elements for the success of such a team effort are (1) a pipeline of
students committed to careers in optics and photonics, (2) up-to-date, high-quality curricula in
optics and photonics, and (3) continual involvement of employers in the support of these
educational programs.

Figure 3. Education Ladder for Careers in Optics and
Photonics: The Albuquerque Model
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Prevention of Laser Hazards through Curricular Interventions and Standard Protocols for
Safety in Educational Environments

Fred P. Seeber

Abstract
The use of lasers continues to grow in education, prompting widespread and well-founded
concerns about the risks involved, and how they may best be used in a manner that is both safe
and effective for instruction. Two methods are supported for first-line prevention of laser
hazards in educational environments that would reduce injuries and risks both to the
educational institution and student, but also for employers and workers when students become
employed. The first intervention includes proper awareness of hazards, including biological
effects of lasers and other non-ionizing radiation. Discussion regarding appropriate methods
and content for varying age-levels is presented with an emphasis on technician education. The
Scientific and Technological Education in Photonics (STEP) project funded by the National
Science Foundation provides quantitative evidence that students can and do learn the source
for hazards and how to avoid them. Second, standard protocols such as the ANSI Z-136.5
Standard for Laser Safety in Educational Institutions are provided and discussed in this paper.
Laser safety concise protocols for student behavior and practice can be implemented with a
great deal of success to reduce hazards and risks in the educational environment.
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Digital holography in optics labworks

Lionel Jacubowiez, Thierry Avignon,, Xavier Mininger, Fabienne Bernard

Ecole Supérieure d'Optique, Bâtiment 503 - Centre Universitaire, 91403 Orsay cedex
Fabienne.Bernard@iota.u-psud.fr

Abstract
The paper describes the digital holography experimental bench we used in our engineering
school and the results we can acheived for two kind of measures :
1. displacements on the surface of a little plate which can be deformed by a PZT actuator,
2. amplitude of the vibrations when the PZT is excited by a sinusoidal signal.
This experiment bench have also been used for vibration mode analysis of an electrical motor in
collaboration with a research laboratory.
It is a very useful experiment to teach techniques using coherent light, and also features of
numerical acquisition of images.

Keywords
Computer holography, speckle interferometry, vibration analysis.

Summary
Introduction
Digital holography provide images of submicrometer displacements on an object surface. These
techniques allows to analyse vibrating structures.
Classical holography can now be advantageously replaced by these computer-based
techniques for industrial measures.
Our experimental bench allows the students to discover several measurement techniques
based upon such digital holography devices.
1 Experimental bench
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Laser HeNe

Object beam
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Scattering object

Mirror translation
controlled by a PZT actuator

Mirror
Beam shaping

Optical density

Beam splitter

Beam splitter

CCD Camera

Figure 2. Experimental bench description

We observe with a CCD camera the interference pattern between a laser beam reflected by the
object to be analysed, and a reference channel.
The object is a little plate, a PZT actuator can apply a static deformation of its surface or excite
vibration modes according to a DC ou sinus excitation.
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2 Brief labworks description
2.1 Speckle analysis

Figure 3 Exemple of a speckle pattern

As the object scatters light, we observe speckle patterns on interference images (Figure 2).
Then the first object of study in this experiment is speckle.
The CCD camera is linked to a computer, some numerical processing allows the students to
adjust the experimental parameters to optimize the visualization of interference patterns.

2.2 Displacements measurement
To measure displacements on the plate surface, two methods can be performed. The principle
is always to compute the numerical difference between two images, pixel by pixel:

1. direct interference patterns , before and after deformation of the plate.
2. or both obtained by phase-shift method using 4 ou 5 different images, stored after little shift

ofthe light phase. This phase shift is performed by a second PZT which move a mirror for a
chosen distance less than the wavelength.

In this two cases, the result is an image which measure the variations of phase, on the laser
beam reflected by the object, due to the deformation.

2.3 Vibration analysis
The refresh frequency of the camera is 50Hz, therefore, when the plate vibrates at frequency
near 10kHz, our device integrate vibration signal. However, numerical processing allows to have
a measure of amplitude of vibration along the surface of the object. Indeed, it can be shown
that two methods derived from the previous ones can give a map of the vibration mode as
schown in figure 3.
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Figure 4 Vibration analysis of the PZT plate

2.4 Application
The vibration of the structure of an electrical motor causes accoustic noise. This experimental
bench has been used to analyse the vibration modes of an electrical motor. Some students
have performed theses measures in an experimental project.

All theses experiments give spectacular images and provide valuable teaching support.
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Integrating Writing and Peer Learning into the Optics Curriculum

Grover A. Swartzlander, Jr. and Yvonne Merrill

Abstract
Writing-to-learn principles and peer-learning were integrated into a third-year physical optics
course for undergraduate students. By writing about the life and research of optics faculty,
student benefits extended beyond the course material. Peer tutors recruited from the class
helped enhanced the overall writing quality. Students published their papers on the open-
access web.

Summary
Advanced physics-based courses require problem-solving skills that may include calculus,
complex numbers, trigonometry, algebra, and graphical representations. Abstract concepts are
often introduced to explain familiar phenomena without a bridge to experiential knowledge. This
leads to confusion and the “unlearning” of material.  This abandonment of knowledge may be 
attributed to course content lacking qualitative information. Academic institutions pack the
syllabus with technical topics, leaving little class time for integrating analytical and qualitative
knowledge. Many believe students would be better prepared to master their discipline if they
had experience assimilating both types of information [1,2].

Given limitations of the syllabus and class time, one approach to this problem is to require
students to explore qualitative knowledge on their own time, outside of class. This approach
has been used in the physics classes of one of the authors [3] –and most recently in a third
year course on Physical Optics. The central focus of the assignment is a term paper. This
writing assignment allows the introduction of different pedagogical techniques during the
semester, e.g., writing-to-learn principles (including both formal and informal writing), peer
learning methods (including peer mentoring and teamwork), communication (written and verbal),
and information literacy (finding and discriminating sources).

This past year the theme of the writing project focused on both the life and research of
professors engaged in physical optics activities at the University of Arizona. Students collected
scientific papers, reference materials, and they interviewed their subjects. The targeted reader
of each report is a first-year physics student. By spanning both personal and the scientific
domains the processes needed to complete the assignment allowed the students to erect
bridges between qualitative and analytical knowledge. The reports are published on the world
wide web [4].

References
1. Kranber, M. “Educating the Whole Engineer.” ASEE Prism. (November 1993): 28. 2.
Engineering Accreditation Commission, “Criteria for Accrediting Engineering Programs 
(Effective for Evaluations During the 2003-2004 Accreditation Cycle)”, Posted online:
http://www.abet.org. (02/04/2003). 3. G. A. Swartzlander, Jr. and L. Lebduska, “Interactive 
Freshman Electromagnetism,” ASEE/IEEE Frontiers in Education Conference Proceedings, 
Paper 1313, IEEE Catalog No. 02CH37351C, ISBN: 0-7803-7445-2. 4. See
www.u.arizona.edu/~grovers/opti310/studenturls.html
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Development the first Spanish MSc in Colour Technology

F. Martínez-Verdú, D. de Fez and V. Viqueira

Departamento de Óptica, Escuela Universitaria de Óptica y Optometría,
Universidad de Alicante, 03690-Alicante (SPAIN)
Corresponding author: F. Martínez-Verdú (verdu@ua.es)

Abstract
The Department of Optics of the University of Alicante is organizing a one-year (2005-6 period)
postgraduate course in colour technology with the collaboration of members of the academic
staff of several Spanish universities (University of Granada, Technical University of Catalonia,
Technical University of Valencia, University of Valencia, etc) and other national institutions
(CSIC’s Department of Metrology and Technological Institute of Optics, Colour and Imaging-
AIDO). Several multinational companies have also shown their interest in collaborating. We
wish this course to mark the beginning of multi-disciplinary and inter-universities national
postgraduate studies, with a high degree of professional specialisation, which fulfil the
guidelines of the European Higher Education Area (Bologna Process) and other European
technological platforms such as Manufuture or EuMaT.

Keywords
Colour Physics, Colour Vision, Colour Measurement, Colour Chemistry, Colour Formulation,
Digital Colour Reproduction

Summary
1. Introduction
The purpose of colour technology is the study of the theories and techniques applied to design,
manufacture and measurement of coloured objects. The industrial applications involved in the
colour technology1,2 are numerous: textiles, paints, plastics, ceramics, graphic arts and imaging,
etc. Unfortunately, Latin-American and Spanish colourists working in these industries have not
received specific courses in colour science, so the fundamentals of colour science necessary for
their work have been assimilated through empirical training, and the theoretical principles have
been autodidactically acquired. For this reason, the Latin-American and Spanish companies
associated with colour technology often invest in specialised teaching to improve the ability of
their employees and at the same time to boost their wishes for professional career
improvement, finally contributing also to reinforce the fidelity of the employees to their company.
For this reason, the new graduates with basic training in colour science, although scarce in Latin
America and Spain, are in high demand in jobs related to electronic imaging, colour
instrumentation, colorant formulation, etc. However, this situation does not happen in countries
like the USA3 and GB4,5. Due to this social demand, which is one of the factors contemplated in
the Bologna Process, and also following some actions suggested by some technology platforms
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as Manufuture or EuMaT, the Department of Optics of the University of Alicante is organizing a
one-year (2005-6 period) postgraduate course in colour technology with the collaboration of part
of the academic staff of several Spanish universities and other national institutions. On other
hand, some multinational enterprises, like Hewlett Packard, Sony, Heidelberg, Datacolor, X-
Rite, Konica Minolta, GretagMacbeth, etc, have also shown their interest in collaborating.

The academic objective of this postgraduate course is to offer to graduates (physics,
chemistry, engineering, computer science, designers, etc) interested in industrial colorimetry an
overall perspective of this inter-disciplinary science, explaining their physical, chemical and
visual laws and solving by simulation the usual problems about colour science in some industrial
applications. We believe that this postgraduate course may also be interesting and useful to
architects, artists and designers because, as it is justified below, issues about colour
psychology, lighting, new materials and visual effects will be treated through the course.

Since the course is limited to just 200 hours, it does not include practical work in a real
enterprise nor a research project dissertation. However, we hope that the course duration will be
increased in future to 500 hours, i.e., a two-year postgraduate course.

In spite of this, we think this postgraduate certificate can be a great opportunity to acquire
some basic skills in colour control in several industrial applications. For the experienced
colourists, this postgraduate certificate can strengthen the knowledge autodidactically acquired
and mean a real improvement in their professional skills, and this would benefit both the
companies they work for and their own chances in the labour market. For young graduates, this
postgraduate certificate gives a degree of specialisation that can improve their possibility of
getting well remunerated jobs in industry.

2. Method
The programme (see Table 1) is made up from 7 modules, distributed along to 29 sessions of
approximately seven hours each (four in the morning and three in the afternoon):

Table 1: Programme of the MSc in Colour Technology
organised by the University of Alicante.

Module Indicative content Credit
hour

The causes of colour 0.7

Colour Vision

Tristimulus specification, CIE standard observer
and colour spaces, colour appearance, colour
differences, colour atlases (Munsell, NCS, RAL,
etc)

4.2

Colour Measurement Spectrophotometers, colorimeters, densitometers 1.4
Fundamentals of
Colour Reproduction

Additive, subtractive and hybrid colour mixing
(halftoning, Yule-Nielsen-Neugebauer model) 1.9

Colour Chemistry Dyes and pigments, Lambert-Beer and Kubelka-
Munk laws, colour formulation 2.8

Industrial Colorimetry Coloration and colour control in lighting, textiles,
paints, plastics, paper and ceramics 4.2
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Digital Colour
Reproduction

Digital imaging, colour management, colour
modelling and calibration of capture, display and
printing devices

4.8

Since the native language will be Spanish, this postgraduate course is directed also to Latin
America, and for this reason two editions of the course will be offered: the first one to take place
all Fridays from October to June, the second one, in June and July, from Monday to Friday. In
this way, we hope to facilitate the attendance of Spanish students, whatever their geographical
origin, and Latin American students.

Whereas the full-time edition (from June to July) will always be at the University of Alicante,
one of the organisation issues under study is the permutation of the partial-time edition (from
October to June) of the postgraduate course among several Spanish universities (Barcelona,
Granada, Madrid, etc). This will facilitate the attendance of more students in future academic
years. Moreover, in this way the postgraduate certificate could be guaranteed simultaneously by
several Spanish universities before it is granted the status of “national certificate”. This is 
requisite for a future co-ordination with other European universities interested into the
development and consolidation of the European MSc in Colour Technology or Engineering.

Concerning teaching and learning methods, we are trying to design an interesting course,
and we believe that it will be useful for professionals working with colour in different industries
(textiles, paints, plastics, ceramics, graphic arts, etc) and for those new graduates that wish to
specialise in this inter-disciplinary area, so demanded by the industry. The main academic
objective of the course is the knowledge of what is relevant, what is not and the skill to cleverly
work around or approximate solutions about the exact colour control in each industrial sector6.
To this end, we will search for equilibrium between the academic contents (learning to know)
and basic abilities (learning to do). To carry out this, lectures and practical workshops using
MsExcel and Matlab in PC platforms will be frequently used. In the same way, the students
must go through a certain amount of homework, supervised through Internet with the help of
some professors, which will mainly consist in reading specific bibliography and solving
numerical exercises using MsExcel software. To reach this educational objective, or at least to
try it, we have negotiated with the Spanish distributors of Datacolor, X-Rite, Konica Minolta and
GretagMacbeth companies the supply of colour measurement equipments and colour
management and formulation software for each three or four students. Following the same
objective, the academic staff will be composed as much by lecturers as by colourist experts.

The maximum number of students for each course will be 30. The academic fees for the
Colour Technology MSc programme are€2400. The University of Alicante offers scholarships to 
students applying this postgraduate course. Pre-registration will be place during the first half of
July 2005. During the second half of this month the Director of Studies will publish the
admission shortlist and the term to complete registration being necessary to pay on the
application submission (10 % of the registration fees). This payment should be taken as a down
payment from the rest of the registration fees. Students are allowed to decide on the payment
terms (up to three terms): first 50 % on registration and the rest (25% each) along the academic
year, depending on the length. In particular, the first 50 % registration payment for the students
of the half-time edition course (from October 2005 to June 2006) will be done during September
2005, while for the students of the full-time edition course (from June to July 2006) will be done
from April 2006 onwards.

3. Conclusion
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The first Spanish MSc in Colour Technology starts the next academic year (2005-6). Its inter-
disciplinary educational approach will make easy the convergence of the different colour
reproduction technologies with the properties of the human colour vision. The academic
objective is to enable partial-skilled colourists and young graduates to acquire a sufficient
grounding in the chemistry and physics of the formulation and application of coloured materials,
a full appreciation of the theory and practice of modern methods of coloured image capture,
manipulation and reproduction, understanding of methods of characterising coloured materials
and the ability to use this knowledge to establish quality control procedures and production
control tolerances. Therefore, we think that it is the first step in this country to participate into the
co-ordinated development and consolidation of the MSc in Colour Engineering in European
Union.
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Abstract
Education in optics has evolved in the last decade into an application and enabling

technology field and it is emerging as an engineering field in the last couple of years. Therefore,
as a newly evolving program, the emphasis is placed on the overall learning outcomes of the
students. In that regard we have developed concept inventory questions in optical engineering
to monitor and assess improvements in student learning. The concept inventory questions are
given to students twice during a course, one at first day of class and the same questionnaire is
given to them during the last day of class. The pre-class test is used to assess prior knowledge
of the students and the second test is used to measure the learning experience of the students.
The results of the test are used to monitor and improve overall education experience of the
students.

Summary
1. Introduction

RHIT is an undergraduate science and engineering institution although we have an
active master’s level graduate program in manyareas. The Department of Physics and Optical
Engineering offers B. S. degrees in Optical Engineering, B. S. degree in Engineering Physics, B.
S. degree in Physics, and M. S. degree in Optical Engineering. The Optics program at Rose-
Hulman was initiated in 1983, and realizing the importance of optical measurement and testing,
courses such as Optical instrumentation and testing and fiber optics and application were
incorporated. These courses address some aspects of measurement and testing. However, to
enrich the Applied Optics curriculum, many new courses have been introduced such as: Applied
Optics Projects Lab I, Applied Optics Projects Lab II, Optical Metrology, Semiconductor
materials, and Micro-sensors. Further, certificates in semiconductor materials as well as image
processing enables the student to expand their background by studying these diverse topics.

Monitoring student learning in a classroom has been the focus of every educational
program and historically several methods are used to access the knowledge gained by the
students. Consequently educators can use these methods like tests, quizzes, homework, and
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other activities to assign a numerical value to the knowledge gained by the students. This is
indeed a task that has gradually evolved in the last several hundred years. In the context of the
optical engineering program here at Rose-Hulman Institute of Technology each course relays a
level of knowledge gained by the students indicated by the student’s grade. These grades could 
then be used to access the overall learning of the students from his first year to the time of
graduation in a given program. This is a cumbersome and rather complicated task that every
institution faces. Consequently, a series of concept inventory questions were developed for us
to use in assessing the overall learning experience of the students. Rather than test the
students in all the optical engineering courses, a smaller set of core courses were chosen to
provide a sample that can be used as a good indicator of the overall learning experience of the
students in the optical engineering program. In general these concept inventory questions can
be used in any optics program.

2. Concept inventory
Concept inventory questions as the name suggests test the concepts gained by the

students as a consequence of taking a course. Concept inventory questions were first
introduced in the Force Concept Inventory pioneered by Hestenes [1]. These questions test the
fundamental knowledge of a student in a given subject rather than the ability of the student to
memorize an equation or compute a mathematical/numerical result. This is in contrary to the
typical questions and problems that are being asked during exams that are usually
mathematically regressive. Concept inventory questionnaires have been developed for six
optical engineering courses. Students are asked to answer a questionnaire developed at Rose-
Hulman Institute of Technology during the first and last class sessions. The pre-class
questionnaire assesses some prior knowledge of the students as well as several key concepts
that they will learn in the current course. The post-class questionnaire measures conceptual
gains by the students during the class. Concept inventory questions were administered in 2003-
04 for three courses and 2004-05 in all the six courses. The questions are being refined every
year to be able to get better data of student learning. The results of the concept inventory have
been used by faculty to evaluate their methodology of teaching and the academic departments
use it to evaluate the quality of their engineering program. We have also created a dashboard
indicator rubric on a yearly basis.

The following core courses have been chosen to administer concept inventory questions
and they are: two in the sophomore year (PH 292 Physical Optics and OE 280 Paraxial Optics),
two in the junior year (OE 393 Fiber Optics and Applications and OE 450 Laser Systems and
Applications) and two in the senior year (OE 495 Optical Metrology and OE 417 Optical
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Multiple Choice and True/False questions:

_____ 1. A light wave always:

(A). has a parallel wavefront (B). is an electromagnetic wave (C). travels radially away from the source
(D). originates at the point at infinity (E). none of the above

_____ 2. When a beam of white light enters a glass triangular prism it:

(A). goes straight through the prism(B). is totally reflected at the front surface (C). is bent at different angles
based on the wavelength (D). is bent at only one angle (E). glitters

_____ 6. A necessary condition for two waves to interfere is that the waves must:

(A). originate from two different uniform sources (B). form fringes on a screen (C). be coherent
(D). be visible (E). all of the above

_____ 10. A Mach-Zehnder interferometer can be used to measure:
(A). the deflection of a concrete column
(B). the change in the index of refraction as a function of pressure
(C). the optical quality of a lens
(D). the rotation rate of the interferometer

_____ True/False Questions: Identify the true statements with a T and the false with an F.

13. The figure below shows diffraction patterns from two different single slits. Slit#1 is illuminated by light of
wavelength λ1 and Slit#2 is illuminated by light of wavelength λ2. The distance between the slit and the viewing
screen is the same in both cases. Identify which of the following conditions could be true and which are false.

Engineering Design III). To date, three questionnaires have been completed and two are in
process. The results of the completed questionnaires will be discussed in this paper. They are
OE 450 (Spring Quarter 2004), OE 495 (Fall Quarter 2004), and PH 292 (Fall Quarter 2004).
Examples of questionnaires will be presented as well.

3. Example of concept inventory test and results
This is the first intensive optics course students take in the optical engineering program.

This course long with OE 280 paraxial optics, and OE 295 optical systems are the foundation
courses where students are exposed to a wide range of optical topics. It should be kept in mind
that these students have been exposed already to reflection, refraction, lenses, diffraction, and
interference in the year long introductory physics courses namely PH111 physics I, PH112
physics II, and PH113 physics III. The optics principles are taught to students in the last of
physics sequence.

Sample concept inventory questions for PH292 Physical optics are given below. The
questions gradually migrate to deeper understanding of optics principles to give a clear picture
as to how much a given student has prior knowledge of the subject. This helps the instructor in
two ways: i) better understanding of the knowledge base of students in the class and ii) tailor
lecture and education to promote learning in weak areas.

Sample Questions:
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he
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been done in two ways: i) the overall score of each student is compared to pre and post test to
identify improvement in learning and ii) individual questions are tallied to see how the overall
learning has been in specific areas. The second method provides a detailed picture of student
learning. Table 1 shows one such result obtained for PH292 class in fall of 2004-05.

Score Above
This Percentile

Pre-Class Questionnaire
Number of Students (Total = 28)

Post-Class Questionnaire
Number of Students (Total = 27)

90 % 0 6

15. When light from a collimated laser is diffracted by a single slit:
_____ (A). the diffraction pattern becomes smaller as the slit width is increased
_____ (B). the diffraction pattern has less contrast if the slit width is increased
_____ (C). the diffraction pattern disappears if you change polarization
_____ (D). the diffraction pattern has uniform intensity
_____ (E). the diffraction pattern has nonuniform intensity
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80 % 8 14

70 % 8 4

60 % 9 3

< 60 % 2 0

Pre-Class Post-Class

Average 71.1 % 83.0 %

Standard Deviation 9.6 % 10.1 %

Dashboard Indicator Rubric Pre-Class Post-Class

Percentage of Students Scoring 70% or Above 57 % 89 %

Table 1: Shows the results of the concept inventory test results for PH292 Physical
Optics (Fall 2004-05)

The pre and post class averages indicate that there is definite increase in the student
understanding of the concepts being taught in the class. Less that half the class scored below
70% in the pre-test and more than 85% of the class score above 75% in the post test. Tables 3
and table 4 show the pre and post test scores for a junior and senior level class.

Score Above
This Percentile

Pre-Class Questionnaire
Number of Students (Total = 15)

Post-Class Questionnaire
Number of Students (Total = 14)

90 % 0 0

80 % 0 2

70 % 0 0

60 % 1 5

< 60 % 14 7

Pre-Class Post-Class

Average 37.6 % 57 %

Standard Deviation 16.4 % 15.3%



119/416

Dashboard Indicator Rubric Pre-Class Post-Class

Percentage of Students Scoring 70% or Above 0 % 14.3 %

Table 2: Shows the results of the concept inventory test results for OE 450 Laser
Systems (Fall 2004-05)

Score Above
This Percentile

Pre-Class Questionnaire
Number of Students (Total = 8)

Post-Class Questionnaire
Number of Students (Total = 7)

90 % 0 0

80 % 0 0

70 % 1 2

60 % 0 3

< 60 % 7 2

Pre-Class Post-Class

Average 40.6 % 60.7 %

Standard Deviation 18 % 10.4 %

Dashboard Indicator Rubric Pre-Class Post-Class

Percentage of Students Scoring 70% or Above 12.5 % 28.5 %

Table 3: Shows the results of the concept inventory test results for OE 495 Optical
Metrology
(Fall 2004-05)

4. Conclusions
Data presented for all the three courses from the sophomore to the senior year show

improvement in students being able to clearly understand concepts in several areas of optics.
Of all these courses PH 292 results shown in table 1 has a result that is of value to an educator.
This could have been due to the fact that the students had some prior knowledge from their
freshmen class as well as the teaching ability of the instructor. Further, questions in the upper
level classes such as OE450 and OE495 could have been not fairly distributed and are more
specific in terms of subject content. However, we are in the process of further refining the
questions to broadly represent the various subject materials of the students.
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Abstract
This paper reviews the new Electro-Optics (EO) program at Indiana University of Pennsylvania
(IUP), launched in August 2002 . The Electro-Optics (EO) degree program is designed to train a
wide range of students for entry into the rapidly-evolving photonics workforce by offering both 2-
year AAS/AS and 4-year BS degree. The more recent developments of the program are also
outlined, including the high school outreach and visitation program, the proposed 2+2+2
educational pathway to promote early participation of bright students in photonics-related
disciplines, as well as the integration of nanotechnology into the core EO curriculum.

Keywords
electro-optics, photonics, nanophotonics, optics education, workforce development

Summary
1. Introduction
Founded in 1875, Indiana University of Pennsylvania (IUP) is a comprehensive university
providing an intellectually challenging experience to nearly fourteen thousand students at the
university's three campuses. As the largest one of the 14 universities within the Pennsylvania
State System of Higher Education, IUP’s academic offerings include more than a hundred
undergraduate majors with a variety of internship and study abroad programs, more than forty
master's degree programs, and eight doctoral degrees. The university mission statement
indicates that “IUP serves students from across the nation and around the world by introducing
them to and sustaining them in a culture of high aspiration and achievement so they may lead
productive and meaningful lives.” 

The Physics Department at IUP has maintained a long tradition of high-quality graduate and
undergraduate instructional and research programs. The Physics Department has built on this
tradition by developing a brand new BS program in Applied Physics with Nano-manufacturing
technology (NMT) and Electro-optics (EO) tracks, strengthening a respected MS Program in
Physics, graduating a nationally significant number of secondary school physics teachers, and
acquiring a wide range of state-of-the-art experimental and computational facilities. These
factors have placed IUP in a unique position to offer several structured, rigorous, and intensive
research/teaching programs in Applied Physics for motivated undergraduate students.

For many years, western Pennsylvania thrived economically on such industries as coal and
steel. However, in recent decades the emphasis on these industries has shifted, resulting in an
economic decline and a demographic shift for this once prosperous region. In order to regain
prosperity, regional and state leaders have focused attention on the revitalization of the local
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economy and its workforce. To accomplish these goals, they have attracted a new emerging
high-tech industry - Electro Optics (EO) - to the area. According to regional industry officials,
western Pennsylvania needs to look to the future and pinpoint current industry niches if it wants
to continue to build a technology base that would grow into economic generators.

As the result, the Armstrong County Board of Commissioners and the Armstrong County
Industrial Development Authority are credited with the recent development of Northpointe
Technology Center, a 925-acre technology park with an emphasis on attracting Electro-Optics
and other high-tech related industries. Only 33 miles from Pittsburgh with easy access to major
highways and the Pennsylvania Turnpike, Northpointe, located in Freeport, PA, has the
infrastructure and economic incentives to attract and support global companies such as Boeing,
DRS, and RAPT, as well as small start-up companies such as Armstrong Laser Technology,
Sabeus Sensor Technology, and Caeacal, Inc, etc.

Focused on the revitalization of the local economy and its workforce, the Physics Department,
IUP, launched its new joint AAS/AS/BS Electro-Optics (EO) degree Programs in August 2002,
which is designed to educate a wide range of students for entry into the rapidly-evolving
photonics workforce. The first option, an Associate of Applied Science degree (A.A.S. in Electro-
Optics), is geared toward individuals seeking employment as senior technicians in the field. The
second option, the Associate of Science degree (A.S. in Electro-Optics), has a larger
concentration of liberal studies courses. With the A.S.E.O. degree the student has a choice of
either going directly to work or to matriculate at IUP main campus and earn a B.S. degree in the
Electro-Optics track in Applied Physics.

The two Associate Degrees in Electro-Optics, Associate in Applied Science in Electro-Optics
(A.A.S.E.O.) and Associate in Science in Electro-Optics (A.S.E.O.) are located at the
Northpointe Technology Center, Armstrong Campus, after the new building was completed in
August 2005. The new location makes the program more connected to the industry and the
local community, while providing our students with new classrooms and labs equipped with
state-of-art equipment.

2. Electro-optics at IUP
The EO program offers 12 core courses to provide students with the necessary background to
matriculate into high-tech positions.  The first two years’ studies which will satisfy the Associate 
degree requirements are outlined below.

Semester I Credits
ENGL 101 College Writing 4
PHYS 100 Prelude to Physics 3
1 COSC 101 Microbased Computer Literacy 3
EOPT 105 Computer Interfacing in E-O 3
EOPT 110 Geometric Optics 3

16
1Or COSC 201 Internet and Multimedia

Semester II
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Social Science 3
2 MATH 110 Elementary Functions 3-4
PHYS 115 Physics I for Electro-Optics 3
EOPT 120 Wave Optics 3
EOPT 125 Introduction to Electronics 4

16-17
2
Or MATH 121 Calculus I

Semester III
CHEM 111 General Chemistry I 4
PHYS 116 Physics II for Electro-Optics 3
MGMT 234 Introduction to Quality Control 3
EOPT 210 Detection and Measurement 3
EOPT 220 Introduction to Lasers 3

16

Semester IV
Humanities Elective 3
SAFE 145 Workplace Safety Today and Tomorrow 3
EOPT 240 Fiber Optics 3
EOPT 250 High Vacuum Technology 3
EOPT 260 Industrial Applications of Lasers 3

15

The total credits are 63-64, including 20-21 credits of liberal studies:

Minimum Liberal Studies Core - 16 hrs. Courses in Program Credits

English Composition (4-7) ENGL 101 4
Math (3-4) MATH 110 or 121 3-4
Humanities (3) Humanities Elective 3
Fine Arts (0-3)
Natural Sciences (0-8) CHEM 111 4
Social Sciences (3-6) Social Science Elective 3
Health / Wellness (0-3)
Liberal Studies Elective (0) COSC 101 or 201 3

20-21
The 12 core courses of the EO program are listed in Table 1.

Table 1 EO Program Core Courses
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 EOPT 105 Introduction to Electronics
 EOPT 125 Computer Interfacing in Electro-Optics
 EOPT 110 Geometric Optics
 EOPT 120 Wave Optics
 PHYS 115 Physics I for Electro-Optics
 PHYS 116 Physics II for Electro-Optics
 EOPT 210 Detection and Measurement
 EOPT 220 Introduction to Lasers
 EOPT 240 Fiber Optics
 EOPT 250 High Vacuum Technology
 EOPT 260 Industrial Applications of Lasers

Each EO core course has one 3-hour laboratory per week during each semester. Hence
students are provided with a rich hands-on laboratory experience utilizing state-of-the art
electro-optic equipment. Some of these instruments are listed used by the EO students are
listed in Table 2.

Table 2 EO Equipment in the Physics Department, IUP
 Optical Spectrum Analyzers (OSA) (400nm -1600nm)
 20W Fiber coupled Semiconductor Laser and Power Supply
 High Power, Q-switched, frequency tripled, diode pumped Nd:YVO4 laser
 Flashlamp pumped Q-switched Nd:YAG laser
 Ar+ laser with multi-wavelength output
 Red, yellow and green He-Ne lasers
 AO and EO modulators
 Optical Fiber Fusion Splicer
 Optical time domain reflectometer (OTDR)
 Tunable Light Source at 1550nm
 Fiber Bragg gratings and other fiber optic components
 1000 grade Cleanroom
 Different types of vacuum pumps (rotary, diffusion, turbo and cryo) and gauges
 Thermal evaporator, and E-beam evaporator
 Wet etching and dry etching facility
 Mask aligner and optical lithography
 Telescopes with GPS and other types of optical instruments
 Bio-rad FTS 60 High resolution Fourier transform infrared (FT-IR) spectrometer
 Deep level transient spectroscopy (DLTS)
 Current-voltage (I-V) capacitor-voltage (C-V) characterization
 Hall-effect measurement
 Brüker AXS High resolution x-ray diffraction (multidisciplinary facility)
 Spectroscopic elipsometer
 High resolution Optical microscopy
 Vacuum leak detector and residual pressure analyzer
 Atomic force microscope (AFM)
 Photonic crystal fibers



125/416

In order to meet the needs of the local and the national industry, IUP is committed to
maintaining rigor and integrity in its program. Because of the fast advance and truly
interdisciplinary nature of the EO program, our teaching strategies give the activities that
encourage creative thinking, critical thinking and life-long learning highest priority. Secondly,
since the program is introduced early during the freshman and sophomore, we emphasize more
on the perspectives of concept development and qualitative analysis rather than mathematical
derivations. Thirdly, interactive learning is the hallmark of EO education. By providing a clear
educational pathway for students who start their education at IUP, the program encourages the
best students to continue their studies through an exciting 2+2 program with a Bachelor degree
with EO track.

3. Future development
Since the majority of high schools offer little or no optics in K-12 curriculum (Johnson, 2002),
most students receive little or no exposure to optics (Soileau, 2001). As a result, few students
are aware of the ample career opportunities in this rapidly-evolving discipline. In order to
promote participation of bright students in photonics-related disciplines, our EO program has
sponsored a high school visitation program. The teachers and students from these schools are
given a chance to experience real EO laboratories. The program has been especially beneficial
to the local high schools with poor science facilities.

The 2+2+2 program we are implementing will offer IUP the opportunity to establish an
integrated and seamless career and technical program in Electro-optics. It provides students the
opportunity to enter the program at the beginning of their junior year in high schools. During
their junior and senior years, they would co-enroll in the appropriate math and science courses
and the four special courses in Electro-Optics which are PHYS 100 Prelude to Physics, EOPT
105 Computer Interfacing; EOPT 110 Geometric Optics and EOPT 125 Introduction to
Electronics.

The secondary students in the program who graduate will earn an entry-level certificate in
Electro-Optics. It would then permit them to transfer the certificate into one of the Electro-Optics
options in IUP. The fifteen or more credits earned would permit a student to enter IUP’s 2-year
program with at least one semester of coursework. Upon graduation of the A.S. 2-year program,
students could elect to matriculate to IUP’s Main Campus to enroll in the B.S. degree in Applied 
Physics with a track in Electro-Optics. They would transfer 64 credits toward a 4-year degree by
completing the A.S. 2-year program with the appropriate GPA. The multiple entry and exit points
will provide appropriate skills for real jobs in the industry at each exit point.

To better align our program with the regional economic development vision, we believe that it is
necessary to integrate nanophotonics into the core Electro-Optics curriculum, which will cover
the understanding, characterization and measurement of nanostructure and nanodevices,
especially their optical properties. These topics could be integrated into the existing EO
curriculum: (1) scanning probe microscopy; (2) nanolithography and imaging, (3) probing local
properties of nanodevices; (4) optical techniques used for map topology and particle size
analyses; (5) photonic crystal fibers and semiconductor photonic crystal devices; (6)
supercontinuum generation in a photonic crystal fiber; (7) photonic crystal light emitting diode;
(8) 1D and 2D photonic crystal semiconductor lasers, etc.
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4. Summary
The new EO program was launched by IUP in 2002. The EO curriculum has been established to
meet the rapid development of photonics industry in this region. In addition, a new building was
completed this summer at Nor Northpointe Technology Center to host the EO program. We
have successfully developed a process that allows our students to exit the program with the
certificate, associate degree or bachelor degree with EO track. Most of our students graduated
with associate degree from the EO program continue their studies towards 4-year Bachelor
degree with either EO track, or with both EO and nanofabrication tracks. Our EO program has
been successful (Sherman, 2004) from early student response and industrial endorsement. The
progress has been made in the right direction; however, significant improvement is still required.
One possible improvement is the integration of nanophotonics into the current EO curriculum.
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Abstract
The light intensity distribution near focus of an optical system can be modified by pupil-plane
masks. In fact, in some relevant fields, such as optical data storage or confocal microscopy,
there is an increasing interest in the design of pupil masks for controlling the Point Spread
Function (PSF). These techniques present a great advantage for educational purposes, since
they deal with current technology but at the same time illustrate basic diffraction principles. In
this work, we introduce a simple low-cost set up that allows the dynamical control of the PSF
and can be easily implemented in any educational centre.

Keywords
Superresolution, Image forming and processing.

Summary
The control of the light intensity distribution near the geometrical focus of an optical system is an
interesting topic both in industrial applications and for educational purposes. The design of pupil
masks for this task has been approached from quite different points of view. Some masks are
based on variable transmittance pupils1 or on hybrid amplitude-phase profiles2 while other use
phase-only profiles because these perform better than transmittance masks.3 Phase-only
masks can be classified in continuous4 and annular profiles, which are more frequently used
because of their in comparison, best performance and simplicity. Furthermore, they are easy to
manufacture for mass production using available diffractive optics production methods and
replication technologies. Some examples of annular masks are the diffractive superresolution
elements,5 the three zones binary phase filters designed to increase the data storage density in
DVDs6 or the N-zones binary filters that provide transverse, axial or 3D superresolution.7
Moreover, the parameters of the latter masks can be analytically derived from the figures of
merit that describe the light intensity distribution near the geometrical focus: the Strehl ratio, the
transverse and axial gain factors and the focus displacement.7,8 The Strehl ratio S is a relevant
parameter for analyzing image quality and is defined as the ratio of the intensity at the focal
point to that corresponding to an unobstructed pupil. The transverse gain GT gives a measure
of the superresolution performance in the transverse direction. The same applies for the axial
gain, GA. These factors are normalized so that for the unobstructed pupil they are equal to
unity. In a particular direction, a filter is superresolving when the corresponding gain is greater
than unity and it is an apodizer when the corresponding gain is lower than unity. These figures
of merit are obtained in terms of the moments of the pupil function7,9 and, consequently, are
related to the mask parameters. Thus, pupil masks with any specific behavior can be designed
for many different fields as for example in optical data storage, confocal microscopy, astronomy,
laser printing, free-space communications or 3D imaging.
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However, the use of pupil-plane masks for PSF control presents a limitation. Once a mask is
fabricated the performance is fixed and if we desire to change any of the PSF characteristics
(e.g. resolution) we need to change the mask. Nonetheless, we introduce a technique to
overcome this drawback. It is based on the control of the transmittance of each of the mask
zones by simple means such as opaque masks, diaphragms or linear polarizers. Figure 1 shoes
a simple scheme for this technique that only requires non-expensive elements that are present
in any laboratory. Note that the 0-mask can be realized by cutting an annulus in any standard
plastic sheet that presents phase for the monochromatic source used, and that the polarizers
can be substituted by a diaphragm. This set up allows us to modify at will the PSF of a fixed
pupil-plane mask. In fact, the figures of merit of the PSF present a continuous variation, as
shown in figure 2. This technique for varying the PSF characteristics is useful for any kind of
mask, although it is best suited for annular binary phase-only masks. By the way, an alternative
solution is to implement masks in a dynamic device such as a SLM, which is more expensive, or
to use a Radial Birrefringent Element, which is less flexible and offers lower performance than
our scheme.
The technique for PSF control presented in this work presents a great advantage for photonics
education: on one hand, it is useful in up to date technology but at the same time it illustrates
basic diffraction principles and a non-expensive set up can be easily built in any education
centre. This combination of deep theoretical basis and industrial innovation is essential in the
evolution of our educational systems towards European Higher Education Area.
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Figure 1. Scheme of the system that allows the control of the light intensity distribution with a
fixed pupil-plane mask. It consists of a standard polarizer of the same size as the phase-only
mask (analyzer) and another polarizer with two zones that can rotate with respect to each other:
an inner circle and an outer annulus of the same size as those of the phase-only mask.

Figure 2. Strehl ratio (solid curve) and transverse gain (dashed curve) as a function of the
transmittance of the inner zone for a mask of normalized radius 1=0.65, inner circle with
phase 0 and outer annular zone of transmittance tout=(1- tin2)1/2 and phase.
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Global Knowledge, Local Implications;A Community College\'s Response

Marjorie R. Valentin, Margaret H. Stroup, Judith F. Donnelly

Abstract
Three Rivers Community College (TRCC), with federal funding, provided a customized laser
program for Joining Technologies in Connecticut, which offers world-class resources for welding
and joining applications. This program addresses the shortage of skilled labor in the laser
arena, lack of knowledge of fundamental science of applied light, and an increase in non-
performing product. Hiring and retraining a skilled workforce are important and costly issues
facing today\'s small manufacturing companies.

Summary
TRCC, located in Norwich, Connecticut, is a commuter college, accredited by the Connecticut
Board of Governors for Higher Education, the New England Association of Schools and
Colleges (NEASC), and the Technology Accreditation Commission of the Accreditation Board
for Engineering and Technology (TAC-ABET).  TRCC is an integral partner in Connecticut’s 
economic and workforce development initiatives, bringing three decades of expertise serving
diverse populations of the region by improving their quality of life through education.

In June, 1997, TRCC received approval to offer Connecticut’s only associate degree program in 
Photonics Engineering Technology and has received extensive support from the National
Science Foundation (NSF) for its Fiber Optics Association (FAO) approved lab and an Award for
Educational Innovation from TAC-ABET.  In December 2000, TRCC’s 15.5-credit Fiber Optic
Certificate was approved. In January 2001, the certificate was revised and approved at 14.5-
credits to accommodate distance learning and incumbent worker training.

TRCC has collaborated with the Connecticut Business and Industry Association (CBIA) on
numerous initiatives. In the fall of 2002, CBIA received a $2.2 million Incumbent
Worker/Dislocated Worker Skills Shortage II Demonstration grant from the United States
Department of Labor (USDOL) to train incumbent workers within the state’s manufacturing and 
laser/fiber optic/telecommunications industries. The purpose of the grant was to address skill
shortages in these industries so that both the workers and their employing companies remain
competitive.

Joining Technologies, located in East Granby, CT, was one of the companies identified by CBIA
in the fiber optics cluster, as a high-need company that would profit from advanced education
and training. Joining Technologies quality management system is modeled and certified in
accordance with the AS9100 & ISO 9001:2000 quality standards. Joining Technologies offers
material joining engineering including joint design, materials process selection, tooling, and
automation utilizing a versatile multi-axis lathe system. The applications are designed for
Nd:YAG laser and transferred arc welding. With over 20 years of experience, Joining
Technologies is an integral metallurgical lab for instant verification in addition to their met lab.
Joining Technologies is focused on both material science and research and development. In
2001, Joining Technologies earned a prestigious gold award from the Connecticut Capital
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Breakthrough Quality on the integration of robots for high production p rocessing of computer
stampings. The company is currently pursing development of laser cladding and engineering.
Joining Technologies has extensive electron beam welding knowledge and is a member of the
US Microscopic Welding Association.

CBIA identified TRCC as a crucial cluster partner that has the flexibility to respond quickly to
industry training needs. TRCC has a high-level of cluster-based expertise in the fiber-optic field
of education and training. Consequently, CBIA solicited Professor Judith F. Donnelly, and
TRCC’s Department of Business & Industry Services to meet with a company that was in dire 
need of advanced education and training for its incumbent workforce. At the initial meeting
several issues arose in the following categories: shortage of skilled labor in laser arena;
existing training was piecemeal at best, due to a lack of resources; laser technicians lacked
knowledge of fundamental science of applied light; large volume product re-work as a result of
customer feedback and complaints; in medical devices area, the inability to meet the K factor
statistical deviation tolerances can shut the line down, this was another critical area in need of
attention; and safety issues were are unders tood only at a minimal level. The company
considered the implications of NOT implementing training and determined that growth would
stagnate and ability to compete on projects, especially in aerospace, industry would be severely
compromised. Additionally, the continued increase in and subsequent expenses of product re-
do’s would imperil the company\'s survival.

After careful consideration of these alternatives, the company determined training was the best
option and developed specific training outcomes: decrease non-performing product by 10%;
decrease learning curve for employees; and create a work environment conducive to cross-
training employees.

Joining Technologies, CBIA, and TRCC determined the effective measurement of training
outcomes. After numerous meetings the following measures were instituted: employee
quarterly report cards reflect quality issues and can be used as metrics; and the percentage of
non-performing product can be measured and compared pre-and-post training. The educational
training program targeted 8 machine operators and 3-4 assembly techs + 3 supervisors.
Additionally, the president, marketing director and vice-president of Joining Technologies also
participated in the training. Some of the characteristics of the targeted employees were: new
employees had little to no training; all but one employee worked first shift, and one was
employed on second shift.

Training logistics were determined as well. These included: training vendor would be TRCC;
the curriculum would be designed and implemented by Professor Donnelly; training would be
held at Joining Technologies conference room; and employees would be paid for all of perhaps
½ of training time (company match required by CBIA). Due to the nature of the funding source,
the program encountered cost and time constraints, this situation necessitated a rapid response
by TRCC, Joining Technologies and CBIA at all levels. The training was customized by
Professor Donnelly utilizing best practices from previously implemented successful programs,
with a keen awareness of Joining Technologies\' unique position within the photonics spectrum
of business and industry. Program implementation required considerable travel by all the
partners involved to meet learner needs. In addition to hosting the training and subsidizing
employee pay, Joining Technologies provided dinner for all 8-sections,
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in order to provide continuity and easy transition for employees as well as supplies for all
students. The 8-sections focused on the following topics for a total of 24-classroom hours:
characteristics of laser light verses regular light; laser safety; laser hazards; irradiance; nature
and behavior of light; wave parameters, diffraction; fibers, mirrors and lenses; optical fiber;
collimation and focusing; laser physics; metastable state; emission; TEM modes; pulse repletion
frequency laser output characteristics and applications.

In summary, the training served 15 employees at a total cost of $7,833. Overall, all 15
successfully completed the course, and the president of the company, who participated, was
extremely pleased with the collaboration and rapid response provided for Joining Technologies
to enable them to be more productive and remain competitive within the industry.
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Abstract
Albuquerque Technical Vocational Institute (TVI) has developed a collaboration with the
National Science Foundation (NSF) Center for Biophotonics Science and Technology (CBST)
headquartered at the University of California, Davis in order to develop a transportable
biophotonics curriculum for community colleges. A “Biophotonics Option” has been developed 
within the well-established Photonics Technology Degree program at TVI, centered on two
elective courses (“Introduction to Biophotonics” and “Biophotonics Applications”). In addition, 
TVI is a part of the “Albuquerque Model” that involves exposure to photonics education from the 
middle school level through graduate education at the University of New Mexico.

Keywords
biophotonics, photonics, education

Summary
For the job market in the United States, a serious undersupply of workers is projected for jobs
requiring an associate degree or equivalent advanced training (32% of 9th graders will enter an
associate degree program, while 65% of the jobs require such training).1 A similar shortfall has
been specifically identified for photonics technicians (a shortfall of 24,000 as projected by the
Center for High-Technology Materials, University of New Mexico). The field of “biophotonics” is 
emerging as an important subset of photonics.2 From its inception, the Center for Biophotonics
Science and Technology (CBST) at the University of California, Davis has included in its
educational mission the training of a technician workforce for the field of biophotonics.
Biophotonics can be defined as the science of generating and harnessing light to detect, image
and manipulate biological materials. The term “biomedical optics” is often used as an alternative 
label. While the field is often associated with “lasers in medicine,” CBST has tended to broadly 
define biophotonics to include the use of the full electromagnetic spectrum in studying biology
as well as related medical applications. In exploring potential partner institutions for CBST, it
became clear that one of the most mature photonics technician training programs in the USA is
that at the Albuquerque Technical Vocational Institute (TVI). The administration and staff at TVI
saw significant benefits from including a biophotonics option in the Photonics Technology
degree program in order to enhance the career options for their graduates.

A Biophotonics Option has been developed within the long Photonics Technology degree
program at TVI within a relatively brief two-year time span. Representatives of CBST and TVI
first met to discuss areas of mutual interest in October 2003 at the Education and Training in
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Optics and Photonics (ETOP) Conference in Tucson, Arizona. A formal Letter-of-Intent was
signed between the two groups in February 2004 by Dennis Matthews, Director of CBST and
Don Goodwin, Dean of what was then the Technologies Department at TVI. (As of July 1, 2005,
Technologies was combined with Trades and Service Occupations to form the Division of
Applied Technologies.) The Letter-of-Intent included an agreement that CBST and TVI would
cooperate to assess the demand for technicians in the biophotonics field. In addition, TVI
agreed to develop biophotonics courses appropriate for a Biophotonics Option with support from
the resources and personnel of CBST. Various exchange visits between representatives of
CBST and TVI were carried out through the remainder of 2004, culminating with the design of
both the Biophotonics Option and specific courses for that option. A press event announcing
the collaboration between CBST and TVI was held in Albuquerque, New Mexico in October
2004 and the first, prototype course on “biophotonics” was offered at TVI beginning in January 
2005.

Albuquerque Technical Vocational Institute (TVI) is a progressive community college that
promotes and provides higher education, skill development and workforce training relevant to
contemporary needs. The largest and most comprehensive community college in New Mexico,
TVI, along with the Sandia National Laboratories (SNL) and the US Department of Energy
(DOE) through their outreach programs, has initiated a Photonics Academy that was modeled
after the school’s Advanced Manufacturing Academy. Although the collaboration between CBST 
and TVI has focused on the Technologies Department (now the Division of Advanced
Technologies, which includes the Photonics Technology program), there is substantial potential
for increased interaction with the Health Occupations Department (especially with its
Biotechnology program) as evidenced by the fact that 30% of the students in the pilot
biophotonics class during Spring 2005 were from that department.

At TVI, occupational training includes substantial hands-on skill building. The institution also
provides associate degree opportunities in various fields, college transfer courses, preparatory
classes, and basic skills classes for adults. The Photonics Academy is located on the Main
Campus near downtown Albuquerque. (Three other campuses are located in various other
areas of the greater Albuquerque region.)

The inauguration of the Science and Technology Center (STC) program at the National Science
Foundation in 1987 represented a fundamental shift in scientific funding policy in the United
States,3 viz., a move from individual principal investigators to large, multi-investigator, multi-
institutional centers. Well established by 2002, the STC program added six new centers,
including the Center for Biophotonics Science and Technology (CBST) for which the University
of California, Davis was the lead campus. Partner institutions included Lawrence Livermore
National Laboratory, UC Berkeley, UC San Francisco, Alabama A&M University, Stanford
University, University of Texas at San Antonio, Fisk University and Mills College. Roughly 100
researchers, including physical scientists, life scientists, physicians and engineers, are
collaborating in this rapidly developing area of research. Applications of biophotonics range
from using light to image or selectively treat tumors, to sequencing DNA and identifying single
biomolecules within cells.

CBST is now in its fourth year of operation. Science and Technology Centers have typically
operated for a ten-year period. Although the earliest STC’s have now finished their NSF funding 
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cycles, many have been institutionalized as permanent research centers. There are currently
thirteen STC’s funded by NSF. The six STC’s created in 2002 (including CBST) joined five 
STC’s that were started in 2000. Two new STC’s were added in 2005. A benefit of the 
community of STC’s is networking and collaboration among different centers. The Center for
Adaptive Optics, started in 2000 and headquartered at the University of California, Santa Cruz,
has been an especially useful collaboration for CBST. Similarly, the annual meeting of the NSF
Research Center Educators Network (NRCEN), a gathering of educational specialists from the
various STC’s and similar NSF-funded centers such as Engineering Research Centers (ERC)
and Materials Research Science and Engineering Centers (MRSEC), is a highly effective forum
for sharing best practices for educational programs.

The Photonics Technology Curriculum at TVI exposes students to four major areas: laser
systems, electronics, optics, fiber optics, and electro-optics. A primary goal is to provide
graduates with hands-on training in scientific procedures and applications utilizing lasers and
fiber optics. The core of the Photonics Technology curriculum is a 38 credit hour certificate
program. This certificate program can be taken during the first three terms of attendance at TVI.
The 38 credit hour core is then followed in the fourth and fifth terms by an additional 40-41 credit
hours of coursework to produce a total program of 78-79 credit hours leading to an associate
degree. This curriculum is aided by a textbook developed by one of the instructors in the
program.4

A Biophotonics Option has been developed within the Photonics Technology Curriculum at TVI.
In the context of the overall curriculum, this option requires including the courses PHOT 227L
(Introduction to Biophotonics) and PHOT 228L (Biophotonics Applications) from a list of
technical electives. PHOT 227L (Introduction to Biophotonics) includes a biology review, along
with coverage of light basics, geometric and wave optics, sensor fundamentals, and light/tissue
interaction. The course is designed to be a balance of theory, laboratory experience (requiring a
100% passing grade on a laser safety examination before entering the laser laboratories), and
internet research. PHOT 228L (Biophotonics Applications) covers bio-imaging, diagnostics,
therapies, mental health, nano-biophotonics, biomedical ethics, and research protocol. A
highlight of this course is a series of seminars from guest speakers who are experts in industry,
medicine, and academia.

Students are expected to demonstrate basic competencies upon the successful completion of
these courses. For example, upon completion of PHOT 227L (Introduction to Biophotonics),
they should be able to explain the structure of DNA and its function, explain the structure of a
cell, its components and functions, operate a low power laser safely, explain the difference
between laser light and ordinary light, describe the rectilinear and wave propagation of light
(including interference and diffraction), and explain how light interacts with living tissues via
reflection, refraction, absorption, and scattering.

It should be noted that the Photonics Technology program at TVI is part of the “Albuquerque 
Model” of optics and photonics education.  Strongly supported by the Sandia National
Laboratories, the “Albuquerque Model” provides an educational lattice beginning with three 
middle schools in the Albuquerque area (Jimmy Carter, Harry Truman, and John Adams), West
Mesa High School (which has a Photonics Academy), TVI for the associate degree in Photonics
Technology, and the University of New Mexico for B.S. (tentatively planned for 2006), M.S., and
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Ph.D. degrees in Optical Science and Engineering. Students can progress through this series
of schools or exit to the workforce at any level from the high school to graduate degrees from
the university. The collaboration with the University of California, Davis, as described in this
paper, provides two additional options to students at TVI, viz. (a) a path to the biophotonics
workforce directly from TVI and (b) transfer to an engineering or science program at UC Davis.

The Center for Biophotonics Science and Technology (CBST) is funded by the National Science
Foundation and is managed by the University of California, Davis under Cooperative Agreement
No. PHY 0120999.
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Abstract
NEMO is a European "Network of Excellence in Micro-Optics" One of the objectives is to
disseminate knowledge on micro-optics. Therefore NEMO plans to inform pupils about the
crucial role of micro-optics This will be done through the distribution of an educational kit to
their physics/technology teachers. The kit will contain a variety of replicated micro-optical
refractive and diffractive components, and a semiconductor laser source. The kit will be
supplemented with a booklet with DVD. Possible experiments and experimental setups are
proposed, explained and illustrated. On the same DVD some simple optical designs will also be
illustrated.

Key words
optics education, optics kit, micro-optics, diffraction, diffractive elements

Summary
NEMO is the "Network of Excellence in Micro-Optics" constructed under the European "Sixth
Framework Programme". It aims at providing Europe with a complete Micro-Optics food-chain,
by setting up centers for optical modeling and design, measurement and instrumentation,
mastering, prototyping and replication, hybrid integration and packaging, reliability and
standardization. More than 300 researchers from 30 groups in 12 countries participate in the
project.
One of the objectives of NEMO is to spread excellence and disseminate knowledge on micro-
optics and micro-photonics. Therefore NEMO plans to inform pupils, already from secondary
school level onwards, about the crucial role of light and micro-optics and the opportunities this
combination holds. This will be done through the distribution of a user-friendly and well
illustrated educational kit to their physics/technology teachers. The latter will contain a variety of
replicated micro-optical refractive and diffractive components, fabricated with the aid of the
network technology centers, a semiconductor laser source and a clear and instructive manual
for basic experiments. The kit will be packaged in a box, to be paid by SPIE-Europe. It will be
self-consistent: schools with no optical instrumentation will be able to use it for basic
demonstration. However it should also be possible to use the elements in more complicated set-
ups to be constructed by the users themselves.
The kit will be supplemented with an educational booklet with DVD, which explains the use of
the components at different levels: low-level explanations for secondary schools, and more
sophisticated explanations for high schools or universities. Possible experiments and
experimental setups are proposed, explained and illustrated. On the same DVD some simple
optical designs will also be illustrated.
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The same manual and kit will be made available to high school and university students and to
their professors upon request via the NEMO portal.
The NEMO educational kit is now under construction; its realization is scheduled for february
2006. However prototypes of some of the optical elements are already available and will be
demonstrated. We show, among others, diffractive optical elements which transform a laser
beam into a square grid, a uniform light distribution, a European flag, the NEMO logo.. {these
optical elements are modeled and realized by Mo Taghizadeh and Andrew Waddie at the Heriot
Watt University in Edinburgh, Scotland}. Some of those optical elements, with some technical
details, are illustrated below.
The NEMO educational kit is the result of a collaboration of many researchers all over Europe,
too many to name them all. At the conference due acknowledgement will be given.

NEMO EduKit Diffractive and Refractive Micro-Optical Elements

Element Name Phase Profile Output Profile
(simulated unless
otherwise noted).

Description

1x2

Simple 1D grating
with a range of
grating periods
(16m, 32m,
64m, 128m and
256m).

8x8
Increased fan-out
element – binary
EOM with grating
period of 256m.

EU outline

16 phase level
pattern formation
DOE (PF-DOE)
generating the
outline of the EU
flag. Grating period
is 512m.
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NEMO outline

16 level PF-DOE
generating the
NEMO logo.
Grating period is
512m.
Experimental
result.

On-axis Flattop

On-axis flattop
generator. 16
phase levels,
period = 512m.

Grid

16 level PF-DOE
which generates a
grid pattern. Period
= 512m. 
Experimental result.

Diffractive Lenses

16 phase level
diffractive lenses
with focal lengths
of 10m, 50m
and 250m.

Refractive Lenses

Refractive
microlens arrays
fabricated using
thermal reflow
technique. A range
of square and
hexagonal close
packed spherical
and square packed
cylindrical lenses
are provided.
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Abstract
Many primary school children perceive science as boring and inaccessible. These
misconceptions mould the paths these children will choose for their future education and
careers, mirrored in reducing numbers of applicants for physics courses in higher education. We
describe our experiences running a photonics outreach project, The Lightwave Roadshow, an
interactive collection of photonics demonstrations and experiments aimed at children aged 5 to
11. We discuss how this programme can be instrumental in improving the profile of scientific
education and careers for children of a young age.

1. Introduction
It is widely recognised that achild’s negative image of an archetypal scientist begins to form at a 
young age [1]. It is believed that this negative image can influence a child’s choices in education 
path and hence career [2], as seen in the current decline in the number of students choosing to
study physics after the age of 16 [3]. Indeed, recent research has shown that the opinions and
aspirations held by 11-year-old children towards post-compulsory education are unlikely to
change by age 16 [4]. The following paper describes the use of an interactive Roadshow to

communicate basic photonics
concepts to primary school
children (aged 5-11), and
improve the image of physics
and higher education in
science to this impressionable
age group during these
important formative years.
The Lightwave Roadshow is
run by postgraduate
volunteers from the Optical
Society of America (OSA)
Student Chapter based at the
University of Southampton [5].
We will outline the benefits
and the problems of running
these sessions at local
primary schools, community
events and science fairs.

Figure 1: Lightwave volunteers from the Southampton University OSA
Student Chapter
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Some of these challenges include communicating effectively with a mixed group of children,
supplying a range of practical activities and experiments that cater for their diverse abilities, time
and equipment limitations, and the challenge of coordinating a session. The benefits of this
scheme, which we believe far outweigh the problems, include the pupils’ improved knowledge 
and understanding of basic optical concepts, the opportunity for us to challenge negative
perceptions of science and motivation, increased interest in science, and the opportunity for
pupils to meet active researchers from the University community.

2. Background and program
The University of Southampton Student Chapter of the OSA was established by postgraduate
students from the Optoelectronics Research Centre in 1994, later joined by postgraduate
students from the University’s School of Physics and Astronomy. It was the first international 
student chapter of the OSA. The goals of the chapter are to increase and disseminate
knowledge of optics, promote technical activities in optics, broaden student's insight into
management and organizing technical activities, encourage interaction between students,
further links with the optics community and to promote the expertise of optics and photonics
PhD students. Within this remit, in 1998, the Lightwave Roadshow was established by
volunteers from the chapter. The OSA provides annual outreach grants of $500 to its student
chapters, which is dedicated to Lightwave by the Southampton Chapter. Using this money, we
have developed and expanded the show, designed and built new equipment (augmented by a
few items acquired from the University), and published a successful interactive website [6].
The Roadshow targets primary school children aged 5-11, and consists of 6 sections for them to
visit: the eye, mirrors, lenses, the spectrum, communication with light and ‘hands on’. The 
session allows groups of children to move from topic to topic, and can be tailored to any length
of time from 30 minutes to 3 hours. Group sizes vary from 20 to 60 children. The Roadshow
also works well as an informal display at a science fair or open day [7]. The show is mobile, so
visiting local schools and community centres is also possible, with requirements kept simply to 6
good-size tables for the sections, and a room to house these and three more bulky
demonstrations, a large classroom, small sports hall, or teaching lab is ideal.

3. Topics and activities covered
Lightwave’s mascot is Phil Photon, a red cartoon we use to help children to grasp the idea that
light is a wave consisting of particles of light called photons. The use of a mascot in this way
provides a fun and memorable medium through which to explain many fundamental principles
within optics and photonics. The equipment accumulated for the Roadshow is divided into six
logical sections, detailed below.
The Eye
This section of the Roadshow aims to communicate the message that we use our eyes to see

Figure 2: a) ‘The Cube’ optical illusion demonstration in the eye section and b) Phil Photon, 
Lightwave’s mascot.
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light. The idea of the eye as a light detector is enough to grasp for younger children, but to take
the topic further, we use a working model of the eye to focus images of Phil photon onto a false
retina. The eye model has a variable liquid-filled lens, corresponding to that of the human eye.
The children are given the opportunity to change the focus for themselves using a connected
syringe. The retina distance from the lens can also be changed to demonstrate long and short
sightedness, and lenses may be slotted in front of the eye like glasses to correct the image.
Volunteers explain to the children how their brain works in conjunction with their eyes for them
to see. To demonstrate this, a series of optical illusions are shown. These include a large 3D
cube model which, when lit from below appears to ‘stick out’ even though it is hollow, 
demonstrating how our brains expect things to be lit from above, and cast shadows accordingly.
Also within this section children perform experiments to find their blind spot, play with an array
of magic eye pictures, and common optical illusions.
Mirrors
The concept of reflection is very new to most Lightwave attendees, indeed some are too young
to be expected to grasp it. So, an important emphasis is placed on playing with the equipment.
Whilst the younger audience play, the older children are encouraged to discuss the physics
behind what is happening.
The equipment for the section includes sets of hinged flat mirrors used to reconstruct quarter
and half images on shape cards. There are sets of 2 parabolic mirrors that we use to produce
an image of a plastic pig 5cm above its actual position. The children try to grab the image, their
curiosity sparked as they are left empty handed, a perfect precursor to discussion and
explanation of the ‘magical’ physics behind this trick. A set of flexible mirrors is used in the
‘make yourself look ugly’ experiment where children distort their reflections. The periscope is 
introduced here, and children are encouraged to think about paths of light. We draw the analogy
of Phil photon running towards mirrors and bouncing off.
This section also boasts two ‘house of mirrors’ style displays, the Homogeniser and the Triadis. 
The Homogeniser is a human kaleidoscope large enough for 4 children to use at once, they put
their heads in at either end and look at each other’s multiple reflections, a very popular 
demonstration. The Triadis consists of a triangular array of mirrors that a group of 3 or 4
children stand within, and observe their multiple reflections again.
Lenses
Children are very familiar with lenses in their every-day life, but not the concepts behind their
operation. The equipment for this section includes a box of common lenses, such as eye
glasses, camera lenses etc. the children are encouraged to

Figure 3: a) The lenses section, b) The Homogeniser, c) Phil Photon
demonstrating reflection.
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sift through the box, playing with the various items, focussing images and wearing the array of
spectacles as fancy dress. This fun introduction to the section forms a great environment in
which to discuss how lenses work. The children may already have experienced lenses in the
eye section and focussing within the mirror section, they are encouraged to draw on this
experience. A large camera lens that is too heavy for the children to lift often generates great
curiosity. A selection of Fresnel lenses, less familiar to the children, is shown, and their diverse
applications explained. Finally, the children are encouraged to play with a selection of
microscopes and telescopes.
The Spectrum
At primary age, children are very familiar with the colours in their paint box, many have painted
pictures of rainbows, and mixed primary paint colours to create other colours. However, the idea
that white light is composed of many different colours of light from the whole spectrum is often
alien to them. Indeed, this is a difficult concept to grasp since it is not analogous to the familiar
mixing of paint, but it is a concept that is fundamental to optics and photonics. In the spectrum
section, children are encouraged to experiment with light of different colours to help them to
accept and understand.
The equipment for this section focuses on splitting up white light into its constituent colours and
re-combining it to form white light again. Sheets of diffraction grating are used to separate white
light from room lights and torches out into its constituent colours. The spectrum obtained is
compared with that produced by the light from a red diode laser, which appears only red behind
the diffraction grating. The back of a CD acts as a good diffraction grating also, and children are
encouraged to look at spectra from light sources at home using an old CD. Torches and
interchangeable coloured filters are used to create light of various colours, which is then
recombined to create white light, and other colours. The children are encouraged to play with
colour wheels, trying to spin a wheel decorated with the whole spectrum to recombine the
colours and make white.
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The children are also introduced to the spectrum beyond the visible. Infrared light is talked
about as ‘heat’ and infrared camera images of various every-day objects are shown to
demonstrate this light that the children cannot see. Ultra-Violet (UV) light is the real showcase of
this section. A dark area is created in one corner of the room, or under a table using a black
cloth, 2 UV lamps are placed inside. Items that fluoresce when illuminated with UV are
distributed about the ‘cave’. These consist of bottles of tonic water, which contains a fluorescing 
mineral, fluorescing security tagged items, various plastics, and rocks coated with a florescent
paint. The children crawl inside with a volunteer, and watch with great excitement as any white
items of clothing, teeth and eyes fluoresce. UV fluorescing pens are used to create secret
pictures, and the children can play with the florescent objects.
Communicating with light
A key application of optics and photonics is telecommunications, indeed, the Optoelectronics
Research Centre (ORC) at Southampton University prides itself on being a leader of innovation
in this field. The communicatingwith light section aims to raise the child’s awareness of the 
advantages of the use of light for communication, and just how much of their everyday life is
influenced by this. Discussion is initiated about the Internet, cable TV, and trans-Atlantic phone
calls all of which rely on optical communication. Older forms of light communication, such as
Morse code and smoke signals, are discussed. The children send short messages to each other
across the room using a light bulb and Morse code. Then, the children are reminded that light
only travels in straight lines, raising the question of how it can be communicate around corners,
let alone across the Atlantic ocean. A small model consisting of an infrared transmitter and
receiver with a straight path, transmitting and broadcasting a musical signal is used to show that
if we block the beam (using a model of a house), the signal cannot pass. The children are then
introduced to Tyndall’s experiment, guiding light from a laser pointer down a stream of water. 
Within the water stream, the children can see the light totally internally reflecting. If they put their
hands into the stream, they see the red light scatter from a spot on their hand. At this point,
optical fibres are introduced, and the concept that light travelling along them is totally internally
reflecting, or ‘bouncing’ back and forth inside the fibre is introduced. An optical fibre is 
introduced to the transmitter model, and the signal is guided around the blocking house to
broadcast the signal. Various fibre-optic lamps and toys are used to encourage the children to
investigate and understand this principle further, and the analogy of Phil Photon running along a
tunnel is drawn. Finally, the fabrication of optical fibre is explained to the children, they are
shown a roll of fibre, and
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encouraged to touch, test its strength, and guess its length. They are also shown a fibre
perform, within which torchlight is guided, and the drawing process is explained.
‘Hands On’
The ‘hands on’ section gives children the chance to make their own optical toys to take away as
a reminder of their Lightwave experience. The participants are supplied with all the materials
they require, including sheets of card photocopied with simple outlines to cut around and fold.
Under the supervision of an OSA volunteer, the children make either a simple periscope, or an
optical illusion cube. Small mirror tiles from a DIY shop are used for the ends of the periscope,
and the cube is under lit with a desk lamp in the same manner as the analogous illusion
encountered in the eye section. This section is very popular with the young audience. We hope
that the toys the children take away with them will act as reminders of the Lightwave
experience, and its positive message about science. Furthermore, it is hoped that the children
will show the toys to their parents, sparking discussions at home about science and educational
aspirations.

4. The challenges
The main challenges for Lightwave arise from its voluntary nature. No member of the team,
including the Roadshow coordinator is paid in any way for his or her time. As postgraduate
students, there is in fact little incentive to volunteer, and with pressing demands on their time,
few can afford to spare an afternoon, or sometimes even a whole day. This also has
implications for maintenance of the equipment. The Roadshow relies solely on the willingness of
a keen group of enthusiastic individuals to donate their time. Furthermore, the act of explaining
very basic physical concepts to young children is a daunting task in itself, and can be a
deterrent for potential volunteers.

Figure 4: Images from the
communicating with light
section.
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As with any scheme of this nature, challenges arise from the issues of communicating with an
audience of mixed ability. This challenge is particularly prevalent in shows where the audience
is of a mixed age, especially at events such as science fairs, where accompanying adults may
have their own, more advanced questions. To overcome this issue, the audience is split into
small groups of 5-10 children. Within these groups, it is easier for the supervising volunteer to
ensure that every child’s needs are met, and that they can enjoy each experiment at their own 
level.

To avoid a false perception of the sessions as inaccessible, the fun element of each experiment
is concentrated upon. No child is forced to take part anymore than they wish, but experience
has shown that this is not a frequent problem, since few attendees can resist playing. It is
important to avoid alienating an enthusiastic audience with the use of too many technical terms.
Colloquial language used, and elaborate scientific terminology is avoided. Phil photon helps to
overcome this problem by acting as a medium through which to describe the more difficult
concepts forming analogies with experiences that the children have in everyday life.
A further challenge lies in providing a selection of equipment to cater for this range of ages and
abilities. The Roadshow kit consists of a collection of various optics demonstrations and toys
gathered over time. Volunteers have constructed some of the larger pieces, funded by the small
grant from the OSA. The kit is presented in a way that focuses on the fun elements of each
piece. For younger children, to play with the kit is enough, and it is hoped that the memories of
the enjoyable time they had will be associated with science and further education in years to
come thus positively influencing the child’s attitudes towards them. For older children, playing 
with the kit is used as a platform on which to build discussion about the physical principles
behind its operation. These two different approaches to utilizing the kit allow the least
sophisticated of toys to appeal to the whole audience, and no item is left redundant.
In order to appeal to a wide range of establishments and venues, and provide flexibility around
the tight scheduling of the national Curriculum, Lightwave is not publicised with any time
constraints. Consequently, requests are made for shows of various lengths. The challenge of
tailoring the show from a 30-minute event to something that can occupy a whole morning or
afternoon session is overcome by both the flexibility of the volunteers, and the simplicity of the
kit. With ample volunteer supervision at each section, time spent on each activity is easily
stretched or compressed as desired by varying the depth of discussion.

Figure 5: a) Results of the ‘hands on’ section, and b) the Lightwave kit.
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The Lightwave organiser has the additional challenge of coordinating the whole diary of events.
They must arrange dates with the hosting body, coordinate publicity, recruit a team of willing
volunteers, arrange refreshments, and ensure that the kit’s stock of consumables is replenished 
adequately. At each event, experience has shown that it is most efficient to have an overall
supervisor. This person is responsible for watching time, and ensuring that the groups move
from one station to the next on time. They are also responsible for solving any problems that
may arise, and dealing with any general queries from accompanying adults.
The nature of the Lightwave Roadshow dictates that the equipment must be mobile, and that
any problems can be solved on site at an event. The team of volunteers are adequately skilled
to solve any technical problems that may arise, so it is simply ensured that they have all the
resources available to them for them to do so. A toolbox is always carried, along with plenty of
various adhesive items, cleaning tools, spare batteries etc.
A further limitation of Lightwave is our ability to gauge how successful it has been in fulfilling our
goal of changing negative perceptions of science and higher education, and encouraging
children to pursue science in education, and later careers. Without considerable funding, it is
impossible to track the paths of the attending children through life, and carry out any real
research into whether or not the Roadshow actually has any effect. We receive much positive
feedback from teachers and other hosts, and the volunteers at each section are able to gather
some basic feedback from the children about their experience, but any sort of formal
questionnaire is not feasible.

5. The benefits
A clear benefit of this scheme is the opportunity to provide children with a session dedicated to
the subject of optics and photonics. The time and budget pressures upon primary school
teachers to cover the broad range of topics within the National Curriculum [8] in the classroom
make sessions involving lots of demonstrations of this nature impossible to include normally.
The Roadshow makes it possible to hold such a session. It is hoped that as a result of attending
the Roadshow, pupils’ knowledge and understanding of basic optical concepts will be improved.
Lightwave provides a forum for practising scientists to challenge negative perceptions of
science and scientists that children form at a young age. The Roadshow volunteers are young,
vibrant, enthusiastic individuals, passionate about their subject, and communicating it to others.
A conscious effort is made to include female volunteers. We are confident that the positive, fun,
inclusive atmosphere created demonstrates that science and more specifically, optics and
photonics, is accessible to everyone. The everyday examples of applications of optics and
photonics given demonstrate to the children the wide scope of the topic, and just how much of
our everyday life is affected by it.
Moreover, the Roadshow provides a rare opportunity for primary school children to meet active
researchers from the University community. Often, the schools visited are within the locality of
the University of Southampton itself, but alarmingly, the children have little insight into the
University’s function. Lightwave acts as a showcase for the University. Postgraduates talk freely 
about their life at University, and about their education and research experiences, the children
have a chance to ask questions. The University of Southampton, and the Southampton
University Students Union are dedicated to forging links with the local community, and
maintaining a harmonious relationship [9]. The Lightwave Roadshow supports this end,
breaking down some of the mystique that surrounds higher education, and providing a bridge
between the University and the wider community.
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The experiences that the children have during the Roadshow aim to increase the children’s 
interest in science. It is hoped that following a Lightwave visit, children’s motivation for science 
in the classroom and indeed at home is increased. Moreover, volunteering to supervise at a
Roadshow event can be a very motivating experience for the postgraduate recruits. The
opportunity to communicate their subject in an enthusiastic, fun environment, and see the
positive reactions of the children has proved to be a very fulfilling experience. Most volunteers
see the satisfaction and transferable skills gained in taking part as an adequate reward for their
time. The Roadshow provides a unique opportunity for postgraduates to work in a team with
their peers in a fun environment without the stresses of day-to-day lab work, and the events are
usually very enjoyable.

6. Conclusion
We have demonstrated an interactive Roadshow, run by a keen volunteer base, aiming to
generate enthusiasm in primary school children for topics in optics and photonics. A broad
spectrum of subjects within optics and photonics is covered, providing a forum for children to
increase their understanding of basic principles in optics and photonics. However, its scope is
much broader, offering an opportunity for the image of science, scientists and further education
to be improved not only with this group of young children, but also in the wider community. It
provides a rewarding, motivating experience for both the children attending and the
postgraduates volunteering to supervise.
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Educational and Retraining Programs in the International Laser Center of Moscow State
University
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International Laser Center of Lomonosov Moscow State University, Moscow, Russia

Abstract
We present educational programs on nonlinear optics and laser physics in the ILC MSU. These
programs are aimed on both full-time students of physics faculty and students of retraining
courses. As a part of life-long learning we offer different types of programs ranging from short
courses to one-year long retraining programs. These programs include lecture courses,
practical work in the training laboratories, and graduate research work in the scientific labs
under a supervision of an expert. Special attention will be paid to new tendencies in the
educational activities at the ILC MSU: developing and using multimedia courses, short-range
practical courses in adjacent fields, constantly developing university teaching laboratory on laser
physics and optics.

Keywords
University education, continuing education, retraining programs, teaching laboratory, laser
physics, photonics, nonlinear optics, nonlinear spectroscopy, laser diagnostics, ultrastrong light
fields, lasers and laser systems, physics of surface and nanostructures, laser optoacoustics,
laser biophysics and biomedicine, adaptive optics, quantum statistical optics, physics of
quantum information, multimedia lecture notes, automation systems, certificate exam.

Summary
International Laser Center of Lomonosov Moscow State University (ILC MSU) governs the
activities in laser physics, photonics and nonlinear optics within the MSU. ILC MSU provides
training of students in well-equipped laser laboratories, conducts the continuing education and
retraining programs, offers to scientists the necessary tools for the laser research.
Educational programs of ILC MSU are aimed on both full-time students of physics faculty and
students of retraining courses. Each year more than 30 senior students come to the laser center
to fulfill course projects and final diploma work. The students can be taught at their discretion in
dozen experimental laboratories and several theoretical groups. The biggest laboratory in the
ILC MSU is the recently established Center for Laser Femtotechnologies and Ultrastrong Light
Fields (multiuser facility). The Center is equipped with a terawatt femtosecond titanium-sapphire
laser system (pulse duration 70 fs; wavelength 800 nm; pulse energy 40 mJ; pulse repetition
rate 10 Hz). Among others are the laboratories of Adaptive optics, Photonics and nonlinear
spectroscopy, Laser optoacoustics, Time-domain spectroscopy of molecular and atomic gases,
Ultrafast processes in biology. In parallel with working in a lab the students attend lecture
courses. Each laboratory offer one or several specialized courses. For instance, professors and
research staff from adaptive optics laboratory deliver lectures on modern problems of adaptive
optics and optical data processing.



150/416

The students of physics faculty are with an ILC scientific laboratory from the fourth year of study
through the presentation final diploma work after five and a half year of study in the university.
They choose chair and laboratory in the third year of study though it is also possible to change
scientific adviser and laboratory later on. Most of the students get so called Specialist’s degree. 
However nowadays it is also possible to have Master’s degree after 4+2 years of study.

The postgraduate students come to the ILC MSU to carry out investigations and write their
Ph.D. thesis. The main areas of research are the following: nonlinear optics and photonics,
nonlinear spectroscopy and laser diagnostics, ultrastrong light fields and its applications, lasers
and laser systems, physics of surface and nanostructures, laser optoacoustics, laser biophysics
and biomedicine, adaptive optics and optics of random heterogeneous media, x-ray optics,
quantum statistical optics, physics of quantum information. Dozen of experimental laboratories
and several theoretical groups are at their service.

As a part of life-long learning we offer different types of programs ranging from short
courses to one-year long retraining programs. Probation at the ILC laboratories lasts from one
to ten months in accordance with individual plans. Two one-year retraining programs “Laser 
physics and technology” and “Nonlinear optics and laser optoacoustics” are intended first of all 
for the specialists in different fields who want to apply lasers and nonlinear optics techniques in
their work and research. These programs include lecture courses (some obligatory, some
optional), practical work in the training laboratories, and graduate research work in the scientific
labs under a supervision of an expert. The graduates are awarded state diploma in professional
retraining.

The lLC MSU is the organizer of the Laser Graduate School. Each session of the School
lasts from a few days up to two weeks and consists of short courses (2 to 8 hours each)
delivered by top experts from the leading laboratories and universities all around the world.
Each course is devoted to one of the urgent topics of modern laser physics and nonlinear optics
and provides an introduction to the subject, a brief history of research in this area, the main
achievements and current state of the art in the field, as well as the outlook and some key
references. The short courses program activity provides an excellent opportunity for the
students (graduate students, young scientists, etc.) to "get in touch" with the Science not just
reading the papers in scientific journals, but attending the instructor's courses, talking to them,
asking questions. For students of Moscow University, these short courses are part of their
regular lecture courses.

Among new tendencies in the educational activities at the ILC MSU we could mark out
developing and creating multimedia lecture notes [1]. The baseline of these notes is a sound
track of recorded lecturer’s presentation for live audience. Then the video frames with formulae, 
figures, comments etc. are added by means of Macromedia Flash software package. As a result
the multimedia notes keep live auditorium sounding, preserve personal lecturer peculiarity and
produce an effect of virtual presence on real lecture. On the other hand, after being computer
processed they have easily readable writings, incorporate pictures and animation, have friendly
interface. The multimedia lecture notes are used for individual training and preview of the
lecture topics.

Much attention is given at ILC MSU to maintain and develop the classical practicum with
laser and nonlinear optics setups, which are used for learning how to plan and carry out an
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optics or laser experiment. Teaching laboratory is permanently updated with modern setups,
which just a few years ago could be found only in a scientific laboratory. We try to smooth the
difference between learning things inside educational environment and working in a real lab. For
instance, the ILC’s teaching laboratory has Ytterbium doped fiber laser, and corresponding 
laboratory work familiarizes students with a single mode fiber optic laser with diode pumping.
The students make measurements of output parameters of radiation in continuous wave regime.
They study the optical scheme of the laser, the properties of distributed Bragg mirrors using
semi classical approach. The problem of conversion efficiency of the laser is discussed when a
student fulfills this work.

Note that a modern experiment in optics cannot be practically done without advanced
system of automation. Computer assisted adjustment of optical elements; control of the
experiment, data acquisition have become usual practice.

To improve the quality of education and to make it more flexible a new laboratory "Modern
automation systems for scientific researches" was founded at ILC MSU in autumn 2004. The
laboratory are equipped with 10 test-stands, 20 sets of National Instruments equipments (data
acquisition and GPIB interface boards, RS-232 and GPIB devices), machine vision systems,
and full pack of LabVIEW software. Since 2005 the laboratory has a status of authorized
National Instruments educational Center. Students study LabVIEW programming using
authorized programs and courses of National Instruments Corporation. The Center offers
training to pass international certificate exam National Instruments Certified LabVIEW Associate
Developer. Students of retraining program can choose courses of different complexity: from
getting started courses of LabVIEW programming for beginners to advanced courses for high-
skilled professionals. The retraining program consists of blocks of courses. Each course is very
compact in time (from 20 up to 72 hours). At the end of the course each student presents self-
made work on experiment automation. Everyone who passed a test is rewarded with a state
certificate of retraining.

Thus, International Laser Center of Lomonosov Moscow State University offer facilities,
including modern experimental setups, for students and postgraduate students to prepare
diploma and Ph.D. thesis in the field of laser physics and nonlinear optics. We develop both
classical practicum and new virtual technologies for automation systems. Several programs are
intended for continuing education and retraining courses.
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Abstract
We describe the optical time domain reflectometer for the characterization of single-mode fibers
at 1.55 µm that have been realized at École Supérieure d'Optique during students traineeships.
Our set-up is an excellent educational tool to familiarize undergraduate students with optical
telecommunication technologies as well as detection problems.

Keywords :
Optical Time Domain Reflectometry; Lab work at the University level.

Summary
1. Introduction
The Ecole Supérieure d'Optique (Orsay, France) offers top-level educational opportunities in
engineering 5 years beyond secondary school education. The school is mainly concentrated on
professions where optics plays an important role, and devotes considerable resources to both
experimental work and teaching. We describe in the following an optical time domain
reflectometer that have been realized by students under the direction of teachers in the
laboratory, for training purpose. Optical Time Domain Reflectometry (OTDR)1,2 is a very
common method to control optical fibers in transmission lines. It allows to test the whole length
of a fiber from a single end, to locate precisely its defaults and measure its losses. Commercial
OTDR instruments give these informations in a very simple way, but are not of pedagogical use
since they do not give access to all the parameters of the set-up.

2.Optical Time Domain Reflectometry
The principle of OTDR measurements is very simple: short and intense light pulses from a laser
diode are launched into the fiber under test via a directionnal coupler; pulses are reflected back
on the defects inside the fiber, then detected through the coupler by a sensitive and fast
photodiode. The time between the pulse emission and its detection gives the position of the
defect inside the fiber under test, whereas the intensity of the reflection informs on its nature.
Moreover, the measurement of the Rayleigh backscattering light gives information on the
attenuation coefficient of the fiber.
Indeed, the backscattered signal power received from the launch point z at which the scattering
has occurred is given by (Eq. 1) :
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where S is the capture coefficient, evaluated to 1.510-3 in single-mode fibers, d is the diffusion
coefficient of the fiber,  is its attenuation coefficient, is the pulse duration and Pin(z=0) is the
signal power launched into the fiber. Of course the distance z is directly related to the two-way
time–of-flight t of the light inside the fiber, expressed as t = 2z/vg with vg the group velocity of
light inside the fiber. Therefore the temporal variations of the detected signal may be used to
measure the attenuation coefficient of the fiber under test.
It is obvious from the upon formula that the backscattered signal is proportional to the pulse
duration . However high values for  reduce the resolution on the distance of defects; for
example a 20 m resolution is achieved with a pulse duration of 100 ns. Then the backscattered
power from the output end of a typical 10 km-long silica fiber is seven orders of magnitude lower
than the launched optical power. Consequently the choice of the pulse duration is a compromise
between signal sensitivity and resolution.

3. Experimental set-up

Laser Diode
1.55 µm

Pulse
Generator

5%

95%

Monitoring
Photodiode

Optical
Coupler

Angle-clived
fiber connector

Fiber under test

Detection Photodiode
+ Amplifier

oscilloscope

Optical Directionnal
Coupler

Fig. 1 : Experimental set-up for Optical Time Domain Reflectometry

In our set-up, the pulsed laser source is a fiber-coupled 1.55 µm DFB laser with a maximal
optical power of 20 mW. The laser emission is controlled by an external pulse generator, and
the pulse duration is variable between 10 ns and 10 µs. The photodetector module is based on
a high-sped InGaAs PIN photodiode with a rise time of 0.5 ns. The photodetected signal is
amplified in an home-made amplifier that provides enough gain (100 kV/W) to detect the low
backscattering light as well as a fast response to detect the localized defects. Finally, the
temporal variation of the backreflected light between two laser pulses is measured on a
400 MHz Lecroy oscilloscope, and the measurements are analyzed on a computer. All optical
and electrical signals are available for monitoring, and the duration as well as the repetition rate
of the pulses are variable.
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(a) (b)

Figure 2 : Averaged backscattered signal from a 10 km-long single-mode fiber; the pulse
duraction is 100 ns, and the laser peak power is 13 mW. (a) detection signal; (b) same
signal averaged over 50,000 sweeps.

Because the powers to be measured are very low, averaging the detected signals over
hundreds of laser pulses is absolutely necessary. Then the variation of the backscattered light
with the position inside the fiber can be extracted from detection noise. A typical signal
measurement averaged over 50,000 shots is shown on figure 2b for a 100 ns pulse duration, a
peak power of 13 mW and a 10 km-long fiber. Reflections at both fiber ends are clearly seen, as
well as the attenuation along the fiber. An exponential fit from such a measurement results in an
evaluation of the attenuation coefficient of  0.05 km-1 0.2 dB/km, which is consistent with
values usually determined in telecommunications fibers.

During their 4 hours laboratory work on this set-up, students at École Supérieure d'Optique
have to characterize every part of the experiment, from the laser diode to the photodetector.
They are thus familiarized with very common components in the field of optical
telecommunications. Moreover they are invited to change the laser pulse duration in order to
modify the backscattered power and determine experimentally the optimal conditions for the
measurements of the attenuation and length of an unknown fiber. Finally, this OTDR set-up
highlights the necessity of averaging to detect a signal by improvement of the signal-to-noise
ratio as N (see figures 2a & 2b). The very general problem of the detection of weak and noisy
signals is thus emphasized in an easy but significant experiment.

4. Conclusion

Our home-made optical time domain reflectometer has very good performances, but remains an
educational tool of practical use for our engineer students. During their laboratory work on this
set-up, students utilize up-to-date components of the optical telecommunication industry, such
as a DFB laser diode or directionnal coupler, that they have to fully characterize. Moreover, this
lab work is adapted to show how to detect very low signals, and to sensitize students to the
gain/bandwidth compromise of a photodetector. Finally we would like to emphasize the fact that
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this experiment has been realized on two years by three of our students at the master level
during a summer traineeship and an experimental school project.
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CNOP testimony on their understanding of training programs in Optics

Laëtitia Lasagesse

Abstract
Within the National Commission for Training in Optics & Photonics (CNOP), the state of play in
education for optics has been compiled at national level from primary & secondary level to
University and technological training levels. Partners from CNOP propose to :

- Present the www.optra.net Website webmastered by Opticsvalley, on which a list of
optics training in Europe is available

- Zoom in on Professional diplomas such as CQPM “opticien de précision”, CQPM 
“monteur de précision”

- Present the existing baccalaureat (French A Level) concerning Optics
- ...

Summary
The National Commission deals with educational programs in Optics and Photonics in France.
This Commission represents
&#61692; Regional clusters from :
- Ile-de-France (Paris Region): Opticsvalley
- Alsace : Rhénaphotonics
- Provence-Alpes-Côte d’Azur : PopSud
- Bretagne : Anticipa
- Rhône-Alpes : Alpes Optique & Photonique, Optique & Vision
&#61692; Members from Industry : Essilor, BBGR
&#61692; Members from educational organisations : lycée Fresnel, CFA Pierre et Marie
Curie,...
&#61692; Members from the French Optical Society (SFO)
&#61692; Representatives from the French optics industry federation : AFOP-GIFO

Thanks to regular meetings and joint projects, the CNOP has developed indepth knowledge of
optical training. The state of play of optics education has been compiled, comprising a list of all
the existing training programmes in France from primary & secondary level to University and
technological levels. Thanks to European-funded project OPTRA-NET, this information is now
available on www.optra.net, a web site managed by Opticsvalley. The Website is a practical tool
for students in order to obtain information on training programmes and degrees and to have
practical data on the relevant schools. Some specific actions have been undertaken for optics :
- creation in Paris of a professional diploma called “Contrat de qualification professionnel 
opticien de précision” in order to cater to an industrial need
- creation in St Etienne of a professional diploma called “contrat de qualification 
professionnel monteur de précision”
- Creation of an optical specialisation within the professional micro-technologies
baccalaureat (French A Level)
Cooperation for the creation and the implementation of such diplomas has been very strong
between clusters, federations and the National Education Ministry.
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The CNOP partners propose to share their cooperating experience by focusing on one or
several topics during the ETOP session concerning the state of the art of education.
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Abstract
The effect of temperature on the population distribution within the manifold of an Er3+-ion
pumped at 1480 nm pump wavelength is theoretically investigated. A modified rate equation
model for determining the signal gain performance of EDFAs is established by including the
temperature effect and the gain values versus launched pump powers at the temperature range
of–20 to 60 oC are obtained under the signal power regime.

Summary
1- Introduction

The operational properties of erbium-doped fiber amplifiers (EDFAs), which have an important
role in optical fiber communication systems operating at the 1.55 m window, directly depend on
the pump and signal characteristics. It is well-known that an erbium-doped fiber amplifier
demonstrates the property of two-level amplification system when it is pumped at 1480 nm
wavelength [1]. Particularly, the distribution of Er3+-ions within the metastable level ( 4

13 2/I )
changes continuously with temperature according to Boltzmann’s distribution law, owing to the 
closeness of the pump and signal rates within this level. Thus, the population of metastable
level shows a highly temperature sensitive signal gain for 1480 nm pumping regime [2, 3]. In
this study, we analyzed theoretically the signal gain performance of EDFAs pumped at 1480 nm
pump wavelength by using the temperature-sensitive rate equation model in the practical
temperature range of–20 to 60 oC .

2- Modified Rate Equation Model

The solution of the two-level amplification system can be carried out by using the modified rate
equations in terms of the pump absorption and emission rates ( 1 22R and 22 1R , respectively),

the signal absorption and emission rates ( 1 21S and 21 1S , respectively) and the amplified

spontaneous emission rate γsp . Then, an expression for the relative populations in the

metastable level, 2 /N N , at steady state conditions is found as
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where p p p effI h A  , s s s effI h A  ; p and s are the pump and signal frequencies,

respectively; h is Planck’s constant;  is the lifetime of metastable level; p and s are the

pump and signal overlap factors, respectively; effA is the effective core area. The relevant

parameters used in Eq.(1) are as bellows: 1 22 and 22 1  are the stimulated absorption and

emission cross sections for the pump wavelength, while 1 21 and 21 1  are for the signal

wavelength; 21 1 1 21    (from McCumber’s theory). pP and sP are the pump and signal

powers, respectively. The parameter  in Eq.(1) is characterized by the Boltzmann’s 
distribution of Er3+-ions within the 4

13 2/I energy state and given by

BN N E k T22 21 2exp( )    . Bk is the Boltzmann’s constant, E E E2 22 21   is the

energy difference between the sublevels N22 and N21 and its value is nearly 200 cm-1 at

temperature range of -20 to 60 oC . The gain parameter sG( ) is defined by L
sG e .( )   ,

where N N1 21 2 1( )     ,  is small-signal gain coefficient and L is the doped fiber
length.

Results and Discussions

Using EDFA parameters given in Table 1, we have plotted the dependence of gain on the

launched pump powers at temperature values of -20 oC , 20 oC and 60 oC in Fig.1.

Table 1. EDFA parameters used for the calculations.

1 22σ (10-25

m2)
22 1σ  (10-25

m2)
1 21σ (10-25

m2)
21 1σ (10-25

m2)
p ;s

effA (10-12

m2)
N (1023 m-

3)

1,86 0,42 2,85 5,03 0,43; 0,37 12,6 9,28

The value of 21 1 1 21   at room temperature (20 oC ) for 1550 nm signal wavelength is
obtained as 1.76, because there is a relationship between signal emission and absorption cross
sections in the form of  sBhc k T 0exp / (1 / 1 / )     according to McCumber’s theory. The 

wavelength 0 depends on the electronic structure of the ground and the excited state of the

Er3+-ion and its value is calculated as 1522, 7 nm. Thus, the values of at–20 and 60 oC are

1.93 and 1.65 and also the values of βat –20, 20 and 60 oC are calculated as 0.33, 0.38,
0.43, respectively.
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Fig. 1. The variation of signal gains versus launched pomp powers for the signal power
regime 50 W. (a), (b) and (c) curves correspond to –20 oC, 20 oC and 60 oC,
respectively. is taken as 10 ms and 15L m .

Fig. 1 shows in 50 W signal power regime that, the gain values increase an amount of 3-5 dB
when the temperature is decreased from 60 oC to -20 oC. Thus, it is seen from the gain analysis
that the performance of EDFAs pumped at 1480 nm pump wavelength is affected by the
temperature. In addition, it is seen from the modified rate equation (Eq.1) that the smaller signal
powers are more efficient than the higher signal powers. Moreover, this model which involves β
and ηis more accurate to describe the signal gain for a wide range of temperatures for EDFAs
pumped at 1480 nm pump wavelength.
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Abstract
The UNESCO Active Learning in Optics and Photonics project is designed for the benefit
of teachers of introductory university physics from developing countries. Initial
implementation has taken place in two African nations, Ghana and Tunisia. The training
curriculum includes student materials to teach topics in geometrical and physical optics
in an active way with a high level of student involvement in the learning process. The
curriculum makes use of simple, inexpensive materials. A conceptual learning assessment
instrument is being developed as part of the project. Follow-up activities are planned.
Experiences of the international group of workshop trainers are reported.

Keywords
active learning, Africa, optics, photonics, assessment, teacher training, developing
countries, introductory university physics, conceptual learning

Summary
In its efforts to promote creativity and innovations in the way introductory physics is taught in the
university, UNESCO has supported activities in different developing countries to address the
need for teacher upgrading and introducing innovative learning approaches. In recent years,
the focus in trainers’ training workshops has been on the active learning approach, including
developing teaching and learning materials. The focus of the Active Learning in Optics and
Photonics project begun in 2003 and is based on one of the experimental physics areas that is
relevant and adaptable to research and educational conditions in many developing countries.
Optics has been termed an “enabling science” as it is believed to be the basis of many modern 
advances in high technology. This project is being developed for the benefit of university and
senior high school physics teachers from developing countries and aims to train and better
equip them to teach the optics part of the introductory physics course by using active learning
with hands-on activities and by drawing examples from local research activities. Focusing on
improving optics and photonics education will result in a viable and well-educated workforce for
emerging industries in Africa where specific skills in this area will be needed.
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Active learning in physics, developed over the last decade, has been demonstrated in the
United States and other developed countries to enhance student understanding of basic physics
concepts. In this learning model, students are guided to construct their knowledge of physics
concepts by direct observations of the physical world. Use is made of a learning cycle including
predictions, small group discussions, observations and comparison of observed results with
predictions. In this way, students become aware of the differences between the beliefs that they
bring into the introductory physics classroom, and the actual physical laws that govern the
physical world. An evolving product of many years of physics education research, the active
learning method is known to measurably increase conceptual understanding. It reproduces the
scientific process in the classroom and aids in the development of good physical reasoning
skills.

The project is developing an activity-based teacher-training curriculum on the themes:
Introduction to Light; Lenses and Optics of the Eye; Interference, Diffraction and Spectroscopy;
Environmental Optics; and Optics in Communication. Modules with activities and appropriate
instrumentation are being developed under each theme. Local fabrication of simple and
inexpensive materials is being encouraged, and some distribution of simple materials has also
taken place under the auspices of the project. An assessment instrument to measure student
learning of optics concepts is being developed as part of the process. Follow-up activities are
being designed to encourage teachers to implement the curriculum.

This project has been implemented by an international working group consisting of
representatives from UNESCO, ICTP, SPIE, OSA and the Asian Physics Education Network
(ASPEN). The authors of this paper make up the current working group that includes the team
of resource persons who have prepared the training modules and have led the workshops.
Physics teachers from developing countries are well represented in this group and there are
plans to train more. Workshops are mainly funded by UNESCO with the support of ICTP and
SPIE and recently, also from OSA. The budget for the project is very modest mainly because of
the ‘labor of love’ contributed by the team of resource persons who volunteer their time and
expertise to develop the modules and materials, and to travel around the world to present the
workshops. The workshops are organized and hosted by local faculty and administrators. The
host universities, like the Ateneo de Manila University (Philippines), University of Cape Coast
(Ghana), and IPEIM at Monastir (Tunisia), have provided excellent technical and logistical
support to help make the workshops successful.

Other active learning workshops have so far been organized in Ghana and Tunisia. Workshop
participants were physics teachers from universities and senior high schools, including a
number of department heads. Most participants had at least a first-degree in physics. There
were a number with postgraduate degrees.

Both workshops began with the participants introducing themselves and the way they teach
physics and optics in their respective classrooms. The participants in Ghana were from Nigeria,
Benin, Togo and Ghana. We were impressed by their openness about the poor conditions under
which they teach, often with large classes (up to 600 in some cases), absence of teaching
materials and lack of teaching know-how. A number of participants had serious
misunderstanding of some physical concepts. But the participants were very receptive to the
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active learning style, and participated enthusiastically in the activities. This is very important to
the ultimate success of this project because in an active learning environment, the instructor
becomes a guide and facilitator rather than the authority for all physics knowledge. As in the real
scientific process, the physical world is the authority, and students learn from their observations
of the world around them. We loved the way the Ghana participants would argue about physics
explanations for the various observations in a friendly and constructive manner with their
colleagues and facilitators, and felt they would have little difficulty encouraging their students to
do the same.

The participants in Tunisia were from Algeria, Morocco, Ethiopia, Cameroon, South Africa and
Tunisia. They were all very enthusiastic, open to new ideas, and easily worked together in
groups, irrespective of their national origin, religion, and biases. They really wanted to learn and
did not have a mental block in accepting a new approach. In both Ghana and Tunisia, the
teachers were very enthusiastic about learning new teaching methods and making themselves
better teachers. Through the workshops, the teachers realized that local fabrication of materials
does work, and activities can be effectively done without expensive instruments. In Tunisia, we
even had a brief session on how to fabricate the teaching materials used in the workshop,
including some instruction and practice time on soldering simple circuits.

In both countries, the participants worked very hard during the sessions and demonstrated a
strong desire to learn. It is this combination of willingness to learn and conscientiousness that
makes presenting these workshops so satisfying to the workshop team. One clearly senses
that these participants wish to serve their students better, and that given any opportunity, they
will try to implement the methods to which they have been exposed in the active learning
workshops.

These workshops expose teachers from developing countries to new ideas in physics teaching
that have been developed in response to many years of physics education research. They can
refresh their understanding of physics concepts and get the opportunity to interact with
educational experts from developed and developing countries. The active learning method will
help in developing the types of physical reasoning skills needed for doing active and productive
research that can help to sustain growth and strength in the academic sector and in emerging
industries. The workshops provide a venue for teaching and learning to take place, adapted to
the local environment, and allow teachers from different countries to work together without
barriers. The science and the teaching methods are truly international and have the capacity to
bring people closer together in both a professional and personal way.
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CNOP Testimony of their understanding of Optical network needs

Laurent Sarger

Abstract
Within the National Commission for Training in Optics & Photonics (CNOP), partners are
continuously in contact with the industry. Thanks to this and to regular surveys, they can better
understand the industrial issues concerning skills and training. Partners from CNOP propose to:
- present the way of understanding industrial needs and requirements
- illustrate a concrete translation of a training need with the CQPM Opticien de précision.
- ...

Summary
The National Commission deals with educational programs in Optics and Photonics in France.
This Commission represents
&#61692; Regional clusters from :
- Alsace : Rhénaphotonics
- Provence-Alpes-Côte d’Azur : PopSud
- Bretagne : Anticipa
- Rhône-Alpes : Alpes Optique & Photonique, Optique & Vision
- Ile-de-France : Opticsvalley
&#61692; Members from Industry : Essilor, BBGR
&#61692; Members from educational organisms : lycée Fresnel, CFA Pierre et Marie
Curie,...
&#61692; Members from French Optical Society
&#61692; Representatives from the national optics industry federation : AFOP-GIFO

Thanks to regular meetings and joint projects, the CNOP has developed indepth knowledge of
optical training. The commission and all its members are working for the developement of the
optical industry. Establishing contacts with industrial partners is part of their objectives. In this
context, surveys focused on employment, training or related activities are regularly conducted
by these actors. A survey has been conducted in 2003 in Ile-de-France by Opticsalley in
cooperation with the Professional Training for Adults association (AFPA) on the issue of life-long
training. A survey concerning the state of the art of the national Optical industry concerning
markets, strategies, application sectors, skills and employment has been conducted in 2004 by
AFOP-GIFO. The data will be updated in 2005. A study concerning skills is now being carried
out by Opticsvalley in Ile-de-France. Such studies and strong relationships with industrials give
the CNOP precious data concerning the requirements of the industry.

The CNOP partners propose to share their experience in the industrial needs for qualifications
by focusing on one or several topics during the ETOP session concerning industrial
requirements.
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Abstract
This contribution corresponds to a laboratory work for a course in Holography and Optical
Image Processing in a master degree. The spatial light modulators allow the display of
computer generated holograms in real time. They permit the study of the features of image
formation by holograms. We use a spatial light modulator made with a liquid crystal panel and
polarization devices to get either amplitude or phase only responses. A convergent
difractometer has been built to obtain the impulse response of the Fourier holograms. Different
strategies to design the holograms have been proposed and experimental results are given.

Key words
spatial light modulators, holography, education

Summary
An optional course on Optical Image Processing and Holography exists in the Physics degree at
the Autonomous University of Barcelona. The students are very much motivated by holography
and its applications. It attracts young people in the field of optics and photonics. In this
contribution, we propose the use of a liquid crystal panel to display computer generated
holograms and to study their impulse responses.

The twisted nematic liquid crystal panels have been used in pattern recognition, image
processing and holography1,2. This is mainly due to the low cost, their availability, and their
capability to display images at video rates and to act as a programmable spatial light modulator
(SLM).

Twisted-nematic liquid crystal panels are based in liquid crystal material in nematic phase. In
this case, if there is no applied voltage, the molecules are oriented following a helical structure,
but parallel to the sides of the panel. When an external voltage is applied, the molecules tend to
get aligned along the electric field. This effect changes the polarization properties of the liquid
crystal. This way, by using polarizers, a coupled phase and amplitude modulation is obtained3.
An optimization of the modulation response is possible by adding linear polarizers and retarder
plates to the TNLC panel4. This way, we built a spatial light modulator (LCSLM) that allowed us
the possibility of obtaining either amplitude only response or phase only response.

In Figure 1 a sketch of the designed convergent difractometer is shown. We use an Ar laser
beam working at =458 nm as a light source. With a retarder plate /2, laser polarization is
rotated and coincides with the axis of polarizer P1 of the figure. A spatial filter expands the
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beam and the pinhole image is projected on the CCD plane by the convergent lens L1. The
laser beam impinges at a liquid crystal display Sony LCX012BL with VGA resolution (640x480
pixels) extracted from a Sony video-projector. We presented a physical model for twisted
nematic liquid crystal panels5 that predicts very accurately their behavior. Then, it was possible
to design the configuration of the polarizing elements used with the liquid crystal panel to
produce the desired modulation (pure phase or pure amplitude) through the use of elliptically
polarized light4,6. The liquid crystal panels permits us send a computer generated Fourier
hologram described by f(x, y) and to get the impulse response F(u, v) in the CCD plane of the
difractometer (Figure 1).

Ar
laser

/2
Beam

expander

LCSLM

L1 P1 WP1 WP2 P2 CCD

PC
f(x,y)

F(u,v)

Ar
laser

/2
Beam

expander

LCSLM

L1 P1 WP1 WP2 P2 CCD

PC
f(x,y)

F(u,v)

Figure 1. Convergent Difractometer. WP1 and WP2 are wave plates and P1 and P2 are
polarizers. LCSLM is the liquid crystal spatial modulator.

The computer generated hologram that we use is a Fourier hologram that consists on the
interference of the Fourier Transform of the scene and a reference plane wave tilted a known
quantity. We use the LCSLM in phase only regime and we display the phase of the interference
pattern. The impulse response is obtained with the CCD camera of the difractometer. The
impulse response is shown in Figure 2(a). One can see that the scene (UAB) is reconstructed
correctly and it is shifted with respect to the zero order diffraction. This effect is originated by the
tilt of the plane wave front that interferes with the Fourier transform of the input scene. If there is
not a tilt, the image obtained is centred in the zero order diffraction. The Figure 2(b)
corresponds to the same case as in Figure 2(a) but a noised phase has been introduced in the
input scene to make more uniform the power spectrum.

With this set-up the students can display different types of computer generated holograms and
they can change dynamically parameters like the reference wave tilt. We can analyse the
features of their impulse responses like the edge enhancement, position of the images, etc.
Several strategies to improve the visualisation of the reconstructed scene are developed.
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Figure 2. Reconstructed image when (a) the input scene has a null phase and (b) the input
scene has a noised phase.
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Abstract
Many parents or guardians of primary school pupils have little knowledge of science, and many
lack confidence in their ability to help their children, though most welcome the chance to do so.
We describe our experiences running a series of meetings in the form of coffee sessions at local
primary schools, where parents can increase their knowledge and confidence in the science
their children study, and engage in simple experiments with their children to apply the
knowledge they gain. We discuss how this programme can be instrumental in improving the
profile of scientific education and scientific careers for children of a young age.

Keywords
National curriculum science, Primary school children, Parents/guardians, optics outreach.

Summary
1. Introduction
The following paper describes the use of coffee morning/afternoon sessions to communicate the
optics part of the UK National Curriculum [1] to parents and guardians of primary school
children. It is internationally recognised that both school and parents have crucial roles to play in
a child’s learning and the impact is greater if they work in partnership [2]. We will outline the 
benefits and the problems of running these interactive sessions within the primary school
teaching curriculum. Some of these challenges include communicating effectively with a group
of adults with a wide range of educational backgrounds, supplying a range of practical activities
and experiments that cater to the needs of children within the wide primary age span within one
session, managing time and equipment limitations, and the challenge of producing a concise
handout to accompany the series. The benefits of this scheme, which we believe far outweigh
the problems, include an improved knowledge and understanding of basic optical concepts for
both parents and children, an increase in the confidence of parents to communicate scientific
ideas and discuss scientific concepts with their children, improvements in parent and student
motivation, and the opportunity for parents and pupils to meet active researchers from the
University community to hear about the latest research and to ask them questions.

2. Background and Programme
This project follows the success of a small pilot programme entitled ‘Particle Physics with Coffee 
and Hobnobs’ funded through a Particle Physics and Astronomy Research Council (PPARC) 
Public Awareness Grant in early 2003. This pilot demonstrated an appetite amongst parents of
primary school pupils for information and knowledge to support them as they seek to help their
children with their science work at Key Stages 1 and 2 (ages 5-7 and 7-11) of the UK National
Curriculum. The ‘Science with Coffee and Hobnobs’ optics sessions we describe were run in the 
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primary school of the child, publicised to the parents by the child’s teacher. The sessions are 
funded by a Partnership for Public Awareness of Science award (PPA) from the Engineering
and Physical Sciences Research Council (EPSRC). They are led by a professional educational
consultant (AMM), an academic member of staff from the University of Southampton (RWE),
and several postgraduate student volunteers researching in the areas of optoelectronics, and
laser physics at the University of Southampton (HDF). The meetings attract between 20 and 40
parents, and their corresponding children. All the material is condensed into one session, lasting
1.5 hours, with half of this time devoted to adult briefing, and the other half to parent-child
experimentation.
During the sessions, an overview of the UK National Curriculum is given to parents by the
educational consultant, explaining both the relevant content, and the mental blocks that children
sometimes have when learning about the topics in question. Parents are supplied with a
handout summarising the material covered, explaining the science, and suggesting some
activities to pursue at home to help their children grasp the concepts discussed throughout the
session (figure 1a). The university academic then explains how these basic ideas relate to
research carried out at the University, and technology present in everyday life. The children then
join their parents for an interactive experimentation session, helped by the consultant, the
academic and the postgraduate volunteers, to initiate and inspire further joint investigations and
involvement at home.

3. Topics and Activities Covered
The optics topic within the Science UK National Curriculum is covered at Key Stage 1 (KS1) in
Year 1 (age 5-6) where pupils are introduced to the concepts of light and dark, and again at Key
Stage 2 (KS2) in Year 5 (age 9-10), where light and shadows are addressed. During the
sessions, parents are familiarised with vocabulary that they may find useful to communicate
some of the basic principles with their children. Words such as light, bright, dark, black, night,
day and reflect are highlighted for KS1, and transparent, opaque, shadow and blocking light for
KS2. The basic ideas that their children should be grasping are explained to the parents. At
KS1, these include that light comes from a source, it is impossible to see in the dark, and that in
order for us to be able to see an object, it either emits, or reflects light. At KS2, children begin to
recognise how shadows are formed and that shadow length changes over the day as the
position of the sun changes.
Some common misconceptions that children may have are explained to the parents to give
them some feel for how their child is thinking. For example, children often think ‘light is just 
there’ and don’t think about where it comes from. The fact that you can’t see light travel from 
one place to another because of its speed reinforces this notion. Moreover, many children
confuse their shadows with their reflection in a mirror, and will often draw a shadow with a face
on. The idea of shadows forming helps the child accept the idea that light travels away from a
light source [3]. We suggest activities for
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parents to carry out with their children to overcome and reason through these misconceptions.
Opportunities when parents might discuss things that children notice around them, at home, or
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on family
outings are

suggested, such as encouraging children to notice and name sources of light, and predict where
their shadow will fall, as well as more in-depth activities such as making a sundial in the garden.
Parents are encouraged to reinforce what the children learn at school, and help them to realise
how their science lessons relate to everyday life using this range of ideas, and extending into
their own initiatives.
The set of demonstrations and experiments used during the ‘light’ sessions are derived from 
those used in the University of Southampton’s ‘Lightwave Roadshow’ 
(www.lightwave.soton.ac.uk), a photonics outreach project run by volunteers from the Optical
Society of America Student Chapter based at the University [4]. Students and parents are
encouraged to make a periscope together with materials provided by the Lightwave Roadshow
and use it to view each other across a table, engaging an element of fun into the activity for
even the youngest children who delight in seeing the image of a loved one in something they
helped to make (figure 1b and 2a). The act of making the periscope, then having the opportunity
to use it encourages children and parents to think about the key scientific principles behind its
operation. The postgraduate helpers encourage discussion about reflection, and hint at the use
of ray diagrams to understand the path that light takes from an object to our eye.
A shadow-painting rig is set up using a simple household desk-lamp. Parents and pupils are
encouraged to draw around each other’s shadows, demonstrating that no elaborate equipment
is necessary, and encouraging interaction between child and parent in a scientific activity. This
often attracts a small audience, ideal for initiating discussions about how shadows are formed. It
is common for children to then embellish their shadow pictures with facial features, an excellent
moment to point out the difference between a shadow and a reflection, and for parents to see
the common misconceptions that have been highlighted in the earlier session. The children take
their pictures away afterwards, providing a reminder of the concepts the task encourages them
to think about, and also providing a medium for parents to engage further discussion and
activities at home.
Other commercially available optics toys, and common household objects are used to
demonstrate simple optical principles such as reflection and the spectrum providing a platform
for communication of the basic concepts covered in Key Stages 1 and 2 without the use of
imposing equipment. An emphasis is placed on parent-child interaction, and enjoying this
experimentation, demonstrating the accessibility of these simple experiments and
demonstrations in the home. Colour filters can be made from transparent sweet wrappers,
diffraction gratings from the under-side of CDs, and distorted mirrors from kitchen foil.
Kaleidoscopes are amongst the demonstrations, and many parents confess that they have
never considered the optics behind this familiar childhood toy. Optical fibre lamps, often used for
home decoration, and also some Christmas trees are also amongst the kit, and the guided light
principles behind their operation are explained and related to the optoelectronics research at the
university (figure 2b).

4. The Challenges
The main challenges for this scheme arise from the issues of communicating effectively with the
mixed audiences of adults that the sessions attract. Their own misconceptions and resistances
must be overcome initially, without allowing the sessions to be perceived as either inaccessible
or patronising. In order to do this, an informal atmosphere is generated by serving coffee and
biscuits as the parents arrive and arranging the chairs in a circle rather than in a formal lecture

Figure 2: Photographs from various sessions showing a) periscope making and b)
optical fibre lamp demonstrations.
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style. The initial address given by the educational consultant is presented from the point of view
of a parent and the language used is colloquial, while elaborate scientific terms are avoided, for
example, we talk about ‘light’ instead of ‘optics’. Likewise, the handouts provided are written in a 
relaxed style, using simple colloquialisms, and avoiding scientific language. Plenty of everyday
examples and scenarios are talked about, drawing on the team’s own experiences, and relaxed 
questioning is encouraged.
The logistical problem of supplying a range of practical activities and experiments that cater to
the needs of children within the wide primary age span in one session is overcome by the use of
postgraduate volunteers. They explain the equipment to individual parent-pupil pairs, tailoring
their explanation to each different pair’s level. The volunteers gauge how far to take the 
discussion on an individual scale, sometimes merely communicating the basics, and other
times, engaging in detailed discussions about their own research, and answering varied
questions from both children and parents. Emphasis is placed on the fun element of the
activities for all, and involvement of parent and child together is strongly encouraged (figure 3).
Naturally, the time dedicated to each session is limited by the length of the school day, and the
amount of time that parents have to spare, as well as the amount of time over which it is
reasonable to remove children from the classroom. To overcome this, the session is timed to
coincide with the beginning of the school day, or the end, so that parents can attend just after or
before taking their child to or from school. The children are only present for the experimental
part of the session, avoiding any issues with them getting bored within the ‘adult’ parts of the 
session, and keeping to a minimum the time they are absent from lessons. No teacher presence
at the session is required so there is no strain on teaching resources, though experience has
shown that teachers often prefer to attend as they report that they learn a great deal from the
sessions. The problem of inaccessibility of optics equipment is overcome by using household
items to show how accessible home-experimentation can be.

Figure 3: Parent, children, and postgraduate volunteer carrying out some reflection experiments
with mirrors.
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A further limitation of these sessions is our ability to gauge how successful they are. Teachers
are very forthcoming with positive feedback, and parents often make comments at the end of
the session. Moreover, questionnaires are available, and parents are encouraged to complete
one, however, it must be recognized that some of the parents in attendance may have limited
literacy skills, if any at all, or may mistake the questionnaire as more of a test. Consequently the
questionnaires are kept brief, and cannot be imposed upon the audience. Furthermore, although
we anticipate that the sessions will have a positive effect on children’s’ perception of science 
later into their education and careers, it is not within the scope of this project to carry out
research in the future to see if we have positively influenced these particular children.

5. The Benefits
Parents of primary age pupils are an extremely influential group of people. Their attitude to
science can make a big difference to the way that their children in turn perceive science, and
their likelihood of pursuing it for future study and careers [5]. By inviting parents to an informal
meeting held in the familiar school environment, they are more likely to feel comfortable than in
a formal lecture theatre. Evidence shows that parents are naturally keen to help their children
[6]. This is their motivation to attend these meetings. However, once the ice is broken and they
are confident with the basic science, they are found to be very open to hearing more about
science beyond the UK National Curriculum. This project offers a very effective means of
entering into dialogue with an audience who may not normally attend science-based meetings,
not only promoting the immediate scientific education of their children, but also highlighting the
importance of science through secondary education, and raising awareness of the option to
continue into higher education, and even careers.
Family learning has been found to benefit both child and adult in improved literacy and
numeracy for each, increased confidence in the education system for parents, and increased
acceptance and pleasure in learning for the child [7]. These sessions provide a basis to
communicate optics to a generation who may have received no formal scientific education.
Often, a barrier to parent-child interactions in science education is a parent’s lack of confidence 
in their own knowledge, or a resistance of the parent to being open to learning because of
previous bad experiences during their own schooling. These sessions overcome these
problems in their presentation as a project to help parents help their children; it may in fact be
an education for them also.
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The meetings go further to provide a forum for pupils to interact with current students and
practicing scientists. Recent research carried out at the University of Reading shows that by the
age of 11, most children have formed the opinions and aspirations that will determine their
likelihood of pursuing education beyond the age of 16 [8]. It is hoped that the insight into higher
education provided by these sessions will provide a positive influence. The postgraduate
student volunteers act as positive role models for the pupils, challenging the archetypal image
that many children and adults attribute to scientists (figure 4). Moreover, a conscious effort is
made to include female postgraduate volunteers to raise the profile of women within science.
This is also of benefit to the volunteers as they are given the opportunity to develop their ability
to communicate science at different levels, and reaffirm their basic skills and knowledge in what
have proven to be very rewarding sessions. The programme is also of benefit to the University
in its development of communication with the surrounding community, working to raise the
University’s profile, and awareness of its extensive research activities as well as its educational
programmes.

6. Conclusion
We have demonstrated a simple scheme to overcome the problems of encouraging parental
involvement in primary optics education. Using accessible meetings as a guide to the UK
National Curriculum, we not only enrich children’s scientific education through parental 
involvement and joint activities, but also aim to affirm and improve scientific knowledge of the
attending parents. Furthermore, the sessions provide a forum for interaction between active
photonics researchers and parents to improve the profile of scientific research and careers
within this group with a view to improving the profile of science within the whole family.

Figure 4: role model postgraduate volunteers playing with the Lightwave kit.
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Ref ETOP044

Project of a life-long education platform

Laëtitia Lasagesse

Abstract
Opticsvalley proposes to present its project of a life-long education platform, with the objective
to:
- gather training centres in the optics field
- exchange information on best practice and markets
- promote the life-long optics education offer
- present collective responses to the existing training needs
- foster interactions between training centres and optics industry representatives

Summary
Thanks to its continuous interaction with companies (large groups, SMEs and start-ups), with
research and training centres, and with regional and local institutions, Opticsvalley has been in
a perfect position to identify the needs for life-long education. This interaction revealed the lack
of communication between industry representatives and training centres.

Opticsvalley is in the process of developing a life-long training platform, and is the leader of the
project.

The platform involves the Paris Region training centres that offer optics training programmes,
such as:
- Engineering Schools
- Universities
- Life-long training centres linked to other specialised organisations (e.g. Polytechnique)

The objective of such cooperation is to increase the visibility of and easy access to information
regarding such life-long training programmes, and to better match the training programmes with
the industry’s needs.

So far, approximately 10 training centres have joined the project.

Opticsvalley’s project comprises two activities:
- qualifying of the existing training programmes (markets, targets, training levels, etc)
and
- compiling a list of training needs from companies in the optics industry.

This work will allow Opticsvalley to identify the gap between the existing training programmes
and industrial needs, hence to implement a cooperation strategy between training centres in
order to fill the gap.
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Opticsvalley testimony on their understanding of training programs in biophotonics

Laëtitia Lasagesse

Abstract
Opticsvalley proposes to present its knowledge of biophotonics training, resulting from the
association’s two-year long study of the biophotonics field in the Paris Region.

It is clear that a large number of training centres have adapted their programmes to market
needs and have developed programmes associating optics and biology.

Opticsvalley proposes to speak on one or both of the following issues:
- the development of optics/biology joint programmes by life-long training centres
- the creation of university programmes with a combination of optics/biology subjects

Summary
Thanks to its continuous interaction with companies (large groups, SMEs and start-ups), with
research and training centres, and with regional and local institutions, Opticsvalley has been in
a perfect position to identify the industry’s training needs. This interaction revealed the 
increasing convergence between optics and life sciences, which is key to the future
development of the optics industrial base in the Paris Region.

This means that the training centres have had to adapt in order to meet the needs of this
fledgling market, which offers them new development opportunities.

Training centres hence need to understand and qualify this new market in terms of needs,
players and opportunities. They also have to acquire new skills and competencies, combining
optics and life sciences.

Actions lead by Opticsvalley in partnership with players such as Genopole allow training centres
to better understand the needs in biophotonics training, and foster interactions between players
in optics and life sciences industries.

More particularly, these actions have focused on the better understanding of optics and
photonics applied to health care.

To date, the issues covered by Opticsvalley’s study are related to optics applied to the 
environment and food industries.
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Ref ETOP046 (For memory only–This paper has been cancelled)

3-D Optical Simulator

Daniel Lazaroff & Dr. Brahim Chebbi

Abstract
A Computer Aided Optical Design (CAOD) software has been developed. The software, called
the 3-D Virtual Optical Simulator, is to be used in education of courses in optics in high school
or first year college or university. It software allows the students to build and analyze optical
systems in a virtual environment. These systems might be as simple as a one mirror and ray
interaction or as complex as a complete imaging system. The students would be able to
duplicate simple optics lab experiments in a virtual environment. The software can also be used
by scientists and engineers for optical design and optimization of optical systems.

Summary
In general the study of photonics, optics and their related physics is greatly enhanced when real
world physical models can be manipulated. In many cases this is not economically possible
because of prohibitive costs. Three dimensional computer generated models however can
create highly realistic and cost-effective alternatives. The principals have begun work on this
concept by creating the \"Raytracing\" engine as the core of this product.

The initial idea was to be able to supply Algonquin College’s Photonics program with software to 
complement its courses, focusing on developing a user-friendly environment. The main feature
of this software is to allow first time users, students and professors, to build a virtual optical
system and retrieve the scientific data interactively. This approach is the main competitive
advantage compared to other systems that are more complicated to interact with.

The 3-D Virtual Optical Simulator uses the Raytracing technique to simulate rays of light that
emanate from a light source, and determines where they end up when following a number of
reflections and refractions on hit surfaces. The model uses a working \"Raytracing\" engine as
the core of this product. This engine enables photons to intersect optical surfaces and to obey
the laws of reflection and refraction in a 3 dimensional graphical environment. The paths taken
by the rays are rendered in the environment and allow users to \"graphically see\" these
physical laws and to better understand the phenomenon.

As with any other CAD (Computer Aided Design) packages, this product provides the necessary
tools to enable users to accelerate their prototype design process. It lets students virtually build
their optical system, thus reducing the amount of time and resources they presently need to
gain access to laboratories, setup their experiment, test and obtain their results.

A database attached to the core engine stores the specifications of existing optical components
from different manufacturers; the user will have the option to use the components and test them
in the 3D virtual optical simulator. The photons are presently emitted and rendered with the use
of standard visible lasers, further development of the engine would allow the user to create their
own types of visible lasers (or other light sources) by selecting the desired spectral
characteristics of the rays to be traced.
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The graphical User Interface (GUI) of the software enables the user to interact with the virtual
environment and extract the desired information from the engine. One example of interaction of
the user would be to select a lens from a list and place it in the environment, select a light
source or design a light source and also position it in the environment.

Competing products restrict designing optical systems to a 2D environment and allows only
viewing the setup in 3D. The present software allows design of the optical setup in 3D adding
more realism to the interaction with the virtual optical labs.

Borland C++ and OpenGL have been used for the development of the software.

This project is being funded by The Center of Information Technology Ontario, a Division of
Ontario center of Excellence, through the Tech Readiness Program.
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Effective physical optics hands-on experience through the characterization of a CD and a
DVD

A. Márquez, M.L. Álvarez, C. Neipp, D. Méndez and A. Beléndez

Abstract
We present a fruitful student's lab experiment allowing for an effective learning of some of the
basics in physical optics. We proceed with the characterization of the surface structure of a
compact disk (CD) and a digital versatile disk (DVD). This experiment is an effective means to
have a direct hands-on experience on diffraction, Young's fringes interference phenomena, and
diffraction chromatic dispersion. The fact that both CD and DVD are widespread consumer
electronics devices enhances the interest of the student on the experiment.

Summary :
1. Introduction
Generally physical optics lab experiments involve the use of diffraction gratings to study the
basics of diffraction phenomena and to analyse the grating law [1]. To introduce the basics on
interference phenomena the two slits experiment is normally used, thus producing the Young's
fringes [1] on a screen at a certain distance. Typical schemes to reproduce the two slits
experiment are the Fresnel biprism or the Lloyd's mirror. These experiences allow for a direct
verification by the student of the theory given in class. However, sometimes they may look very
academic and not very appealing for the student. This is especially true in non Physics degrees.
On the other hand, we can find some technological devices which may be as useful as the
conventional diffraction gratings and the Fresnel biprism to provide a basic introduction to
physical optics phenomena. One of them is the compact disk (CD), and an even more
interesting device is the digital versatile disk (DVD) [2]. Several teaching experiments have been
proposed in the literature using the CD [3,4].
For some years we have run a CD and DVD based practice lab addressed to first year electrical
engineers (Image and Sound specialty) and to first year computer engineers in the Polytechnic
School of the University of Alicante. The physics subject in the first year of the degree is divided
in theory classes, problem solving tutorials, and lab experiments. In the lab experiments we
considered a good idea to use the CD and the DVD to introduce the basics on physical optics
phenomena. We knew about the use of the CD to study the grating law [4]. Our first aim was to
complete the experiment with the addition of the DVD. However, during the preparation of the
experiment it was a nice surprise to find that the double layer structure of the DVD produced
what looked as Young's fringes. We found that these Young's fringes allowed for the
measurement of the distance between the two layers in the DVD (50 m). In this way, we
could use the CD and the DVD not only to study diffraction but also to study interference
phenomena. The experiment also allowed for the introduction of some basics on optical storage
of information. An interesting point of the experiment is that the students learn how the theory
given in class can be effectively used to model a physics phenomenon such as the interference
fringes in the DVD. All together has proven a very appealing lab experiment for the students. In
the next Section we give the outline of the practice with some theory. Eventually, we present the
main conclusions.
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2. lab experiment theory and outline
The goals in the lab experiment are to determine the separation between the tracks in the CD
and in the DVD, to determine the separation between the two layers in the DVD, to calculate the
storage capacity in both optical disk formats, and some qualitative analysis. In order to develop
the experiments the material that we use is: an optics breadboard, a He-Ne laser, white-light
lamp (e.g. the illumination light bulbs in the lab), mirror, diffusing screen, rule, a CD, a DVD,
posts and mounting posts.
Next we introduce some basic theory dealing with the structure of the CD and DVD. An optical
disk (CD or DVD) is basically a reflective surface in which a series of marks (pits) are registered
to codify the information. The pits are distributed along a spiral line (the track) between the outer
and the inner radius of the disk. We can consider the spiral line as composed of a series of
concentric rings with a separation of Λ(the track pitch). Depending on the reading-write format
of the disk (read-only, writable, rewritable) the physical characteristic of the pits is different
(depth modulation, reflectance modulation), but in any case there is a spiral track line grooved
onto the disk which allows for the correct tracking of the spinning disk by the reading-writing
pickup unit. If we make a cut along a radius of the disk we get a periodic groove structure, which
can actually be considered as a reflective diffraction grating with a period Λ(1.6 m for the CD
and 0.74 m for the DVD). If we illuminate the disk with an unexpanded laser beam with a
wavelength  we clearly obtain the orders of diffraction, whose directions are given by the
grating law,
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where m and i are the angles with respect to the normal of the disk surface for the diffraction

order m, and for the incidence beam. When we know the period Λand the inner inR and outer
outR radius of the spiral track we can calculate the length L of the track.
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For a given average bit density along the track (1 m for a CD and 0.3 m for a DVD) we can
calculate the storage capacity for each of the optical disks.
In the case of the DVD we have a double layer structure at each face of the disk with the
corresponding grooved spiral track at each layer. When we illuminate the surface of the DVD we
obtain the reflective diffraction orders given by each of the two layers at the illuminated face. We
find that each of the diffraction orders have an inner structure composed of interference fringes.

Considering an easy model (see Fig.
1) we can obtain the separation a of
the layers of the DVD by assuming
that the point where the incident laser
impact on each of the two layers
behaves as a light emitter. The two
emitters can be considered as the two
slits in the Young's fringes experiment.
One noticeable difference with the
conventional case of the two slits is
that the two emitters in the DVD only

emit at discrete angles m . Due to the
Fig.1. Two Young's slits model for the two emitters in the DVD layers.
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small period Λin the DVD the angle of diffraction m is out of the paraxial regime and we have
to calculate a more rigorous expression for the separation between the fringes x produced on
an observation screen placed at a distance d from two slit-like emitters, given by,

a
dx

x
22 

 
(3)

In the paraxial regime, x<<d, the previous expression simplifies into the usual Young's
interference equation.
After the basic theory has been introduced we outline the measurements that are performed in
the lab. On one hand, we ask the students for some quantitative evaluations, and on the other
hand we ask them for some qualitative analysis. The quantitative evaluations deal with the
calculation of the track separation Λ, the total length L of the track, the storage capacity of the
disk, and the separation a of the layers (in the DVD). For these evaluations the students have

to measure the deflection angle m , the inner inR and outer outR radius, and the distances d, x
and x (as given in Fig. 1 for the DVD). The students have to evaluate the parameters together
with its associated uncertainty. Further qualitative analysis proposed to the students are to
connect the orientation of the diffraction orders with the orientation of the tracks on the disk (we
can consider the disk as a reflection grating with rotational symmetry), and to discuss why when
illuminated with ambient light we observe the color decomposition of the visible spectrum
(chromatic dispersion due to diffraction).

3. Conclusions
The use of widespread technological devices, such as the CD and the DVD, is usually more
appealing to students than the more academic diffraction gratings or the Fresnel biprism. We
have exposed some possibilities to present the basics on diffraction and interference in an
optical physics lab using a CD and a DVD.
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The Light Express Roadshow: a Case Study in a Successful Secondary School’s 
Photonics Outreach Activity

Pearl John, Keith Wilcox and Sunil Patel

Abstract
The schools outreach programme of the School of Physics and Astronomy at the University of
Southampton has reached over six thousand school children during the last five years. The
outreach programme centres on a traveling ‘Light Express Roadshow’; a laser light show and 
photonics lecture provided free to schools throughout the South East of England. This paper
explores the technical, educational and funding issues associated with providing a successful
outreach activity to inspire and encourage a new generation of physicists.

Summary
The United Kingdom has suffered from a sharp decline in the number of students choosing to
study physics at University. This decline has been described as potentially disastrous for the
country as it will affect the UK’s long-term ability to be among the world leaders in applied
technology. The School of Physics and Astronomy at the University of Southampton (one of the
top three physics departments in the United Kingdom) is trying to reverse the trend and increase
student numbers by using a traveling laser light show and spectacular photonics lecture to
encourage more students to study physics. This paper explores the benefits and challenges
associated with using a traveling, professional laser light show to promote the study of physics
to secondary school pupils in their schools.

The Light Express Roadshow was set up in the year 2000 with the intention of raising
awareness of the emerging photonics industry. The University of Southampton conducts a huge
amount of leading-edge research photonics and has established several high-profile spin-out
companies. Southampton research into optical fibres from the mid-1960s onwards has been key
to the emergence of modern communications technology, and the University’s Optoelectronics 
Research Centre (ORC) is still a world-leader in this field. The Light Express Roadshow aims to
explain how photonics is used in telecommunications, providing the underlying technology of the
internet, and the lecture is based on the National Curriculum for Physics at GSCE and ‘A’ levels. 

Over sixty Light Express presentations have been given over the last five years. These
presentations have included schools visits, Light Express days at the University, a trip to the
prestigious Albert Hall in London for the British Association Science Day in 2001, a performance
in a church and laser light show against the medieval monument in Southampton’s city centre.  
Approximately six thousand members of the public, teachers and school children have seen the
Light Express Roadshow perform.

The Light Express Roadshow relies on a one watt mixed argon/krypton ion gas laser, an eight
channel polychromatic acousto-optic modulator, Cambridge 6800 HP scanners and Pangolin
laser lightshow software. Overhead beam shows are used - similar to those used in nightclubs -
to catch the secondary students’ attention, and a popular soundtrack is played along with the 
laser show. During the photonics lecture the optics in the light show are set using adjustable
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mirrors for several different demonstrations; such as a Michelson interferometer, Tyndall’s (or 
Colladon’s) experiment, Young’s slits experiment and fluorescence. The Light Express 
Roadshow’s experiments are designed to illustrate the main differences between lasers and 
other light sources, showing directionality, spectral purity and coherence. The uses of lasers
and fibre optics in the telecommunications industry are demonstrated, showing total internal
reflection of a laser beam inside a water tank and inside a strea m of water. Finally, the laser
beam is launched into an optical fibre that has been hung up around the school hall - causing
the whole fibre to glow.

Safety is a major concern during the show and approximately three hours are spent setting up
the equipment in school halls to ensure that the audience is safe and that legal safety
requirements are adhered to. A thorough risk assessment is provided for each show. Post-
graduate helpers and participating academic staff members have all been laser safety trained in
the School of Physics and Astronomy’s laser safety programme and receive eye testing.

There are numerous benefits for the schools who request a performance from the Light Express
Roadshow. The Roadshow is designed to cover National Curriculum physics topics such as;
characteristics of waves, the electromagnetic spectrum and telecommunications technology,
using equipment that the school teacher will not otherwise have access to. The Light Express
Roadshow also introduces teachers and students to ‘cutting edge’ research topics and 
researchers in physics and photonics, providing them with a valuable resource. The Light
Express Roadshow currently has a long waiting list of schools wanting visits. Over 100 schools
have contacted the University of Southampton requesting visits by the Roadshow and every
school visited has requested a return visit.

The Light Express Roadshow aims to challenge and address a number of stereotypes about
physics and physicists, which may be partly responsible for the low numbers of students
considering physics as a subject for study or career path to follow. For example, women are
under-represented in the sciences. The Light Express Roadshow involves female physics
students to undermine the stereotype that only men study physics. Female researchers are
particularly encouraged to take part in helping on the Light Express Roadshow to act as role
models for the younger students.

There is also a general view amongst the public that physicists are middle-aged and lack social
skills. It is hoped that by using popular music in the Light Express Roadshow and involving post
graduate students that the school pupils will see that research scientists can be young and
dynamic. There is also a lack of understanding about career opportunities open to physics
graduates. The Light Express Roadshow lecture attempts to raise public awareness of the wide
range of careers available to physics graduates. The Roadshow also emphasizes familiar
technology that relies on physics research, such as mobile phones, cable TV, CD and DVD
players. The Light Express Roadshow lecture explains the technology behind the internet.

The Light Express Roadshow was originally funded by the South East England Opto-electronics
Skills Delivery Plan (SEOS) Project grant to raise awareness of the Photonics industry. (The
Roadshow has also received support from the ORC, the Institute of Physics and the Particle
Physics and Astronomy Research Council). Once the SEOS project and grant had ended, the
University of Southampton awarded its School of Physics and Astronomy an ‘Action on Access’ 
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grant to reach out to inner city middle school pupils from disadvantaged backgrounds. The
objective for the year-long project –to give 20 performances in local schools - was met and the
Roadshow was deemed a great success. To further build on that success, the School of
Physics and Astronomy chose to fund the Roadshow for marketing and recruitment purposes.

The Light Express Roadshow is beneficial to the University of Southampton’s School of Physics 
staff and students in many different ways. The Roadshow raises the profile of the School of
Physics and Astronomy at local, regional, national and international levels. There is however, a
difficulty in evaluating the success of the project now that it has been considered a marketing
and recruitment tool. There is currently very little quantitative data available to suggest that the
Light Express Roadshow can specifically raise the number of students who choose to study
physics at the University of Southampton in particular. The students targeted by the Light
Express Roadshow have been aged 15-16 years, so it will take at least three to four years to
assess the impact of the project. Although the Light Express Roadshow is a unique outreach
activity valued by secondary schools, it is more difficult to evaluate its success under these new
funding conditions.
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Assessing competencies: the student portfolio in an optics course

Jesús Armengol & Fidel Vega

Optics and Optometry Department. ,Universitat Politècnica de Catalunya (UPC), C/ Violinista
Vellsolà, 37. 08222-Terrassa. SPAIN, (Jesus.Armengol@upc.edu),

Abstract
The student portfolio is an ideal tool to assess competencies. In a portfolio, students must be
able to show their progress towards the acquisition of learning outcomes. Students must
convince teachers of their learning.
The implementation in our case (first year wave optics course) consists in a collection of all the
work done during the semester. It contains summaries of text books, resolved problems,
laboratory reports, electronic materials from the web, sketches…. It also contains documents 
with the reflections on his own way of learning: how he studies, what are his weaknesses and
strong points.

Keywords
Student portfolio, assessing competencies, active learning, innovation in education.

Summary

Introduction
“Students become far more sophisticated and educated when they can organize their work into 
a portfolio that represents the quality of their learning in a course or college year. (...)The
resulting portfolio may feature the student’s ’best work’ or the ’process’ the student is using to 
learn.”[i]

The student portfolio is an ideal tool for assessing competencies [ii]. It is widely used in
pedagogical studies [iii]. In recent years, it has come to be used in education at all levels and in
all areas [iv]. The main benefits of portfolios are that they enable instructors to assess how well
students have learned; they give students an opportunity to demonstrate that they have
thoroughly learnt a subject, and to think about their individual learning processes; they increase
students’ motivation to learn; they provide opportunities and data to assess their progress; and 
they make students responsible for the assessment process.

Our experience
Starting in 2002, we introduced student portfolios as a new element in the assessment process
of our first-year course in wave optics for students studying optometry.

The main objective was to increase our students’ autonomy in their individual learning
processes. We wanted to encourage a learning process that would be characterised by
reasoning and reflection rather than being strategic and mechanical. The portfolio was intended
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to be used by the students to reflect the manner in which they learnt, what material they had
really learnt, and what they still needed to focus on and how to go about doing it.

Implementing portfolios in our study consisted in having students compile a collection of
all the work they had done over the course of the semester. Every student would have his or her
own portfolio, which would contain items such as summaries of textbooks, the problems they
had solved, their laboratory reports, online resources they had located and sketches. It was also
to contain documents in which they expressed their reflections on their individual learning
processes: how they studied, and weaknesses they could improve and strong points they could
reinforce.

The portfolio itself was required to contain the following elements:
o A brief curriculum vitae (one page at most), in which students introduced

themselves and stated what had motivated them to study and what they hoped to
achieve from the course.

o All the work carried out by the student during the course, dated and arranged
in chronological order. The work undertaken in groups was also to be collected by
each member.

o One document at the end of each module (for each of the five modules in the
semester) summarising the student’s reflections on the activities he or she had
undertaken to study during that module. They also had to include a log of the time they
had dedicated to their studies (both individually and in groups), a list of everything they
had learnt in the module and anything they felt needed to be improved.

o Two documents, one at the middle and one at the end of the course, in which
students were asked to reflect on their individual learning processes. They were also
asked to characterise their groups and describe the personal contributions they made
to them.

Even though the portfolio was given a clear structure, it need not be a form to be merely
filled in. Improvisation must be made possible and creativity must be encouraged.

The assessment was carried out in three interviews over the course of the semester—a
frequency that strikes a balance between a commitment to “continuous” assessment and a 
reasonable workload for the instructor. The quantity and quality of each student’s work was 
assessed. Furthermore, generic skills, such as the ability to synthesise information, the capacity
to communicate effectively and to structure information were also evaluated.



189/416

Figure1.- Evolution of final qualifications

Results and conclusions

The introduction of a portfolio in the assessment process of our course has proved to a very
positive experience: students were motivated to work continuously and their individual learning
processes have been enhanced, while instructors have come to know their students better and
have shown a greater degree of confidence in the assessment process.
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The portfolio was introduced gradually. The weight it carried in the final mark was
initially 20% and has since been increased to 30%. A number of controls were established in the
process, and as the evolution of the final marks over the last several years has not shown any
critical variations (see fig. 1), we believe that at the very least the academic level of the course
has been maintained. The correlation between the marks given to the portfolios and the final
marks has proved to be quite good (see fig.2), and accordingly, the use of the student portfolio
seems to be a useful tool for assessing students’ knowledge.
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Figure 2.- Correlation between marks
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Abstract
In this paper, we present preliminary results from project PHOTON2, a National Science
Foundation Advanced Technology Education (ATE) project aimed at increasing the number of
high school teachers and college faculty across the US prepared to teach photonics technology
at their own institutions. During the Fall 2004 and Spring 2005 semesters, two cohorts (51 high
school teachers and college faculty) from 12 states across the US including Hawaii participated
in a web-based Introduction to Optics & Photonics course. Qualitative and quantitative research
was conducted to examine the relationship between learner interaction, self-regulation, and
learning outcomes in a web-based learning environment. Research results and
recommendations are presented.

Summary
I. Introduction
Photonics technology, defined as the practical application of light, is a broad subject that
encompasses enabling electro-optical technology, devices and implementation across the
STEM disciplines. In the same way that electronics changed our lives in the twentieth century,
photonics will play a critical role in fields, such as manufacturing, wireless communications,
medical devices and procedures, defense and space exploration, as well as consumer
electronics; all crucial to our national economic leadership and security [1]. The National
Committee on Optical Science and Engineering stated, “Despite its essential enabling roles - or
perhaps because of it -optics remains an ill-defined educational program at most institutions” [2]. 

As a first step in addressing this issue, the New England Board of Higher Education, in
partnership with photonics technology educators from Springfield Technical Community College
and Three Rivers Community College, and adult learning experts from the University of
Connecticut Neag School of Education, developed a collaborative web-based learning program
to help teachers and faculty: (1) develop core competency in optics and photonics technology;
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(2) apply and adapt optics and photonics content into their own courses and curriculum; (3)
develop the self-directed learning skills deemed critical to life-long learning; and (4) establish
and maintain a collaborative online learning community consisting of peers, mentors, and
industry professionals that support the transfer of learning through synergistic learning activities

During the Fall 2004 and Spring 2005 semesters, two cohorts consisting of a total of 51 high
school teachers and college faculty from 12 states across the US began a 3-year professional
development program that includes a one-semester (15-week) web-based “Introduction to 
Optics and Photonics” course, a two-week summer internship with a photonics company,
extensive hands-on experiential learning, and ongoing technical support with curriculum
development and implementation. The first cohort (Cohort 1) consisted of four regional teams or
“alliances” made up of high school STEM instructors, community college technology faculty, and
in some instances engineering faculty from 4-year institutions; The second cohort (Cohort 2)
consisted of five alliances. Figure 1 shows a map in which the stars mark the geographic
regions represented by Cohorts 1 and 2. Each participating institution was provided with a
complete set (15 chapters) of field-tested optics and photonics course content, a $4000 custom
optics lab kit that included a field-tested lab manual with over 30 experiments ranging from
simple demonstrations of refraction and diffraction to building and aligning a Michelson
interferometer, and two CD-ROM videos in which PHOTON2 instructors provide step-by-step
instructions for performing each experiment [1].

Figure 1. PHOTON2 Geographic Regions

In comparison to traditional models of professional development (e.g., short courses and
workshops), the use of the Internet for delivery of educational materials, instruction and training
has several advantages including the ability for learners to learn at their own pace, access
information at their own convenience, and communicate asynchronously with instructors and
peers [2,3,4,5]. Researchers [22,23,24] argue that in contrast to face-to-face courses, online
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courses not only provide learners with the opportunity for extended reflection time, allowing
them to compose more thoughtful and probing contributions, but also the opportunity to engage
in collaborative learning with peers, instructors, and experts from around the world in a way that
capitalizes on professional and common interests. In this collaborative learning model, learners
work together on academic tasks and construct knowledge and ideas through interactions and
responses from others. Research shows that collaborative learning results in more learner
involvement with the course, more engagement in the learning process, and is more effective
than traditional methods in promoting learning and achievement [6].

One of the challenges in successfully implementing a web-based professional development
model, however, is getting participants to actively engage in online discussions and activities [7].
For that reason, an integral part of the PHOTON2 project involves research aimed at answering
the question of why some learners succeed more readily than others in online courses. Previous
work has shown that the strength of learners’ self-regulation - in other words, their ability to
understand their own learning processes and adjust their learning strategies accordingly, has a
direct relationship to how well they perform in an online course [8,9,10]. Studies have also
shown that individuals learn better when there is more learner interaction both instructionally
and socially with instructors, peers, and course content [11,12,13]. In short, an online course
that supports the development of self-regulation skills and provides for enhanced learner
interaction in its overall design will have a positive effect on how well learners perform.

In this paper, we will discuss what we have learned about what works and what doesn’t in web-
based professional development from two semesters of the PHOTON2 project. In addition to
providing insights on course structure, pedagogical methods, and hands-on laboratory
experiences, we will examine the relationship between learner interaction, self-regulation, and
learning outcomes.

II. The PHOTON2 web-based professional development model
The PHOTON2 web-based professional development model is grounded in the application of
adult learning principles in an online learning environment. Adult learning research shows that
adults learn in many different ways and are motivated by many different factors. While a number
of theories, models, and frameworks have been developed over the past 30 years, there is still
no single unifying theory of adult learning [1, 14,15,16,17,18,19]. Analysis of the literature on
adult learning does, however, yield a certain set of learner characteristics that can be used to
guide the development of professional development programs. These characteristics can be
summarized in the following way:

 Autonomy: Adults prefer to work independently and with minimal supervision. They can
nevertheless thrive in interdependent, connected and collaborative ways so long as their
autonomy is respected.

 Experience: Adults bring a rich background of life experiences to the classroom. They
learn best when new knowledge builds on this experience.

 Goal Orientation: Adults tend to be goal-oriented, participating in educational programs
to fulfill specific objectives.

 Relevance: Adults prefer educational program that have relevance to their needs and
interests.
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 Pragmatism: Adults seek to apply what they have learned to their real-world lives in
practical ways.

 Internal Motivation: Adults tend to be motivated more by internal factors than by external
factors.

The PHOTON2 program addresses these characteristics by engaging learners in an
educational experience in which learning is active, continuous, coherent, and collaborative (see
Figure 1) with the goal of building learners’ capacity to: (1) apply and adapt both learned 
photonics content knowledge and learning strategies to their own courses and institution; (2)
establish and maintain a collaborative learning community of photonics educators and industry
professionals who support learning through synergistic learning activities; and (3) engage in life-
long learning through the development of self-regulated learning strategies.

The overarching goal of the PHOTON2 program, or any professional development project for
that matter, is to improve faculty proficiency, the ability to skillfully apply knowledge in a way that
significantly improves teaching and student learning. A proficient educator is one who can
skillfully apply knowledge, construct and organize knowledge to address instructional, and even
institutional challenges, by adapting and changing their teaching and program development
strategies [1,20,21]. Specifically, the PHOTON2 program is designed to help teachers and
faculty build a well-organized knowledge base in photonics technology as well as the ability to
apply their new knowledge to develop and implement more effective instructional practices at
the both classroom and the program level.

The pedagogical framework used to guide the design and facilitation of learning activities that
promote the construction of knowledge and support the skilled application of new knowledge in
the classroom was based on five key principles for effective adult learning adapted from Keeton,
Sheckley, and Griggs [20]. These five principles, which serve as the foundation for the
PHOTON2 professional development model, have as their central tenet; instruction that leads to
proficiency (i.e., the skilled application of knowledge) must continuously establish the link
between content and how it is skillfully applied [1, 20]. These principles are summarized in
Table 1.
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Figure 2. PHOTON2 Professional Development Model [1]

Principle Description Application

Active
Learning

Professional development
must include hands-on
experience, reflection,
practice, and feedback to
actively engage faculty in
constructing, organizing,
and experimenting with a
rich knowledge base that
learners can successfully
apply to real problems of
teaching.

Learners engage in experiential learning with peers
and instructors through solving closed and open-
ended photonics problems, hands-on laboratory
experiments, group exercises to identify
instructional challenges, and development of
instructional modules for use in the classroom.
Instructors promote and structure individual and
collaborative reflection on photonics content,
photonics instruction, and the learning of photonics
technology through threaded discussions.

Continuous
Learning

Professional development
must include sufficient
number of contact hours
over a span of time to
enhance faculty
processing and problem
solving skills.

Learners develop proficiency in photonics through
continuous professional development, support, and
feedback over a three-year period. Participants
engage in coursework aimed at developing a
robust and retrievable knowledge base in
photonics-related content and apply their
knowledge in solving real-world problems through
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faculty externships with their local photonics
industry. By applying their knowledge in the
classroom, the laboratory, in industry, and through
mentoring over a continuous three-year period,
PHOTON2 participants will develop the knowledge,
skills, and confidence to implement photonics
curricula in their own classrooms.

Coherent
Learning

Professional development
must be centered around
the problems of teaching
and program development
that faculty face to allow
for practice with
employing new knowledge
in real world contexts.

Parallel development of learners’ content 
knowledge, curriculum, and self-regulatory skills.
Learners develop specific lesson plans to be used
with their own students in collaboration with their
alliance members. Learners work on problems
ranging from photonics concepts and applications,
to problems associated with the teaching of
photonics, to the problems associated with building
regional partnerships designed to enhance
education-business collaboration.

Collaborativ
e Learning

Learning based on the
collective participation of
teachers in a learning
community results in
increased learner
proficiency.

Learners are part of a regional collaborative
“alliance” or team that include high school 
teachers, 2- and 4-year college faculty, and career
and guidance counselors. Learners work on group
projects, share and discuss experimental results,
and collaborate on regional curriculum
development issues. Learners collaborate online
with instructors, industrial advisors, and mentors.

Self-
Regulated
Learning

Professional development
programs that scaffold the
development of or
enhance learners’ self-
regulation and
metacognitive skills will
result in more proficient
and confident lifelong
learners.

Learners articulate specific learning goals as well
as a route to achieving those goals. Learning
activities are structured in ways that help learners
identify and manage their individual learning
strengths and challenges to help improve their
learning success. Activities such as goal setting,
online self-assessments, instructor and peer
feedback, reflective journals, and contextual
learning help learners acquire the skills needed to
plan, monitor, and evaluate their own learning and
boost self-efficacy.

Table 1. Summary of Five Key Principles for Effective Adult Learning

A. The PHOTON2 Curriculum: A Tale of Two Courses
The PHOTON2 web-based course (Introduction to Optics and Photonics) was offered to two
cohorts, Cohorts 1 and 2 respectively, during the Fall 2004 and Spring 2005 semesters. The
four-credit 16-week web-based course was offered through the school of continuing education
at Three Rivers Community College in Norwich, CT. Course recruitment was conducted by the
New England Board of Higher Education (NEBHE) during the Spring 2004 semester. The
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course was advertised as a web-based professional development program in photonics
technology education through individual solicitation, NEBHE’s website (www.nebhe.org), the
International Society for Optical Engineering (SPIE; www.spie.org), the Optical Society of
America (OSA; www.osa.org) and through a variety of engineering technology and physics
listserves. Formal application to the program required community college faculty, high school
teachers, and career and guidance counselors to apply as a regional team or “alliance” to 
facilitate collaboration between secondary and post-secondary education. The competitive
process yielded 23 participants from six regions representing institutions from New England,
California, Arizona, Texas, and Pennsylvania for Cohort 1 and 28 participants from five regions
representing institutions from New England, Pennsylvania, Tennessee, Alabama, California and
Hawaii for Cohort 2. Table 2 provides a demographic breakdown of participants.

Cohort 1 (N=23) Cohort 2 (n=28)

Demographic n Percentage n Percentage
Number of High School Teachers 12 53 16 57
Number of Community College
Faculty

11 47 12 43

Female 6 26 6 22
Male 17 74 22 78
Highest Educational Level

BS Degree 13 57 15 54
MS Degree 5 22 10 36
PhD 5 22 3 11

Never taken a web-based course 9 38 14 50
Average number of years teaching 9.6 - 11 -
Average age (yrs) 40-50 - 40-50 -

Table 2–Demographic Breakdown for Cohort 1 and 2 Teachers/Faculty

Prior to each course, each regional alliance participated in a two-day introductory workshop held
at one of the participating institutions to introduce participants to the online learning
environment, course material and laboratory equipment, to establish a professional rapport with
the PHOTON2 team and alliance participants, and to assess the learning environment at each
regional site. Each of the two-day workshops also included a tour of a local photonics company
in an effort to solicit industry participation in the program and to provide career and guidance
counselors with career awareness in the photonics field. A partial list of companies included,
Cisco Systems, Veeco Instruments, Photon Machining, Coherent Laser, Trex Enterprises, and
several others.

The Introduction to Optics and Photonics web-based course was designed to provide learners
with a broad overview of photonics principles and applications. The course covered principles of
light and electromagnetic energy including, geometric and wave optics, basic laser principles,
and fiber optics as well as optics and photonics applications. Both deductive and inductive
problem solving was used to develop learners’ deep understanding of core principles and critical 
thinking skills. Laboratory experiments, designed to reinforce concepts covered in the course,
ranged from simple demonstrations of basic optical principles such as reflection and refraction
to more sophisticated experiments such as diffraction gratings and interferometry. A field-tested
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laboratory manual supplemented with CD-ROM video demonstrations of each experiment
provided step-by-step procedures for conducting each experiment. A list of the course material
and experiments covered in the 16-week semester are provided in Table 3.

Table 3. PHOTON2 Course Topics and Laboratory Experiments

The course was designed in a way that would facilitate a high degree of collaboration intended
to give participants an opportunity to work both independently as well as with their alliance
members. This approach was based on research that shows that learning is maximized when
learners draw upon the collective knowledge and experience of a community of learners [1, 6,
7,13,20]. WebCT was used as the delivery platform and the Internet was used extensively to
supplement the course material. Each of the two cohorts was team-taught by highly
experienced photonics educators partnered with adult learning experts. Coursework focused
specifically on the development of content knowledge within the context of curriculum
development and classroom applications. While the overall goal of helping teachers and faculty
build a well-organized knowledge base in photonics technology and the ability to apply their new
knowledge to develop and implement more effective instructional practices at the both
classroom and the program level remained consistent for both Cohort 1 and 2, the approach
taken was markedly different. In the following paragraphs, we describe the two different
approaches and their effect on learning outcomes.

B. Cohort 1
The web-based learning model applied in the delivery of the Introduction to Optics and
Photonics course for Cohort 1 was based on a traditional highly structured instructor-led format
as illustrated in Figure 3. This approach was used as a result of demographic surveys that
indicated most participants had never taken a web-based course. The concern was that in the

Major Course Topics Laboratory Experiments
 Laser Safety
 The Nature of Light
 Geometric Optics
 Optical Instruments
 Wave Optics
 Introduction to Lasers
 Introduction to Fiber

Optics

 Sources of Light
 Plane mirrors
 Snell’s Law
 Single Lens
 Systems of Two Lenses
 Laser Beam Collimation
 Spherical mirrors
 Young's Double Slit
 Michelson Interferometer
 Interference in an Air Wedge
 Diffraction Gratings
 Malus' Law

 Brewster's Angle
 Single Slit Diffraction
 Laser Range Finder
 Laser Bar Code

Scanner
 Single Beam Reflection

Hologram
 Two Beam

Transmission Hologram
 Laser Beam Profile
 Numerical aperture of a

plastic fiber

Explorations (Demonstrations)
 Light Spectra
 Pinhole Camera Viewer
 Reflection

 Refraction
 Light Scattering
 Diffraction

 Polarization
 Lasers
 Rayleigh's Criterion



199/416

absence of a structured learning environment typical of traditional face-to-face courses, learners
who were new to web-based learning might not possess the self-directed learning skills needed
to successfully navigate the course. This would lead to a feeling of isolation and potential
disengagement from the learning process. By providing scaffolds for learning early on, the
expectation was that as learners progressed through the course, the level of course structure
would shift from a low autonomy mode (highly structured) to high autonomy mode (low
structure) whereby over time, learners would assume an increasing level of responsibility for
their own learning [8, 9, 26, 27, 28]. By the end of the 16-week course, participants should have
acquired the knowledge and skills needed to self-direct their own learning.

Figure 3. Instructor-Centered Course Format

Photonics concepts were presented in a highly structured format that allowed for individual and
group problem solving, hands-on laboratory experiments with video demonstrations, web-based
simulations, and online threaded discussions. Weekly reading and problem solving assignments
for the entire semester were posted in the WebCT course site with clear explanations regarding
expectations and performance. Content material was presented in a modular format with clearly
delineated learning outcomes and timelines. Online self-assessments (self-tests) with
constructive feedback were built into to course to aid participants in planning, monitoring, and
evaluating their learning progress.

Participants were required to contribute at least two postings per week on topics related to
course content, hands-on activities, and curriculum development. Participants were strongly
encouraged to interact with their peers by replying to postings and sharing plans for
implementation. To elicit and encourage critical thinking in threaded discussion postings,
learners were given an online guide consisting of six strategies for improving critical thinking
(i.e., link, reflect, analyze, build, offer, and engage) to be applied to responses before posting to
an online discussion. Participants were also required the submit three reflective letters assigned
in weeks 2, 9, and 15 of the course whereby participants were asked specific questions
regarding their efforts in establishing learning goals, planning, monitoring, and evaluating their
performance, and setting goals and objectives for the curriculum-building project to scaffold the
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development of self-regulation skills. A sample curriculum outline for a 3-week period is given
below in Table 4.

Activity
Week 7
Topic: Thin Films

Week 8
Topic: Diffraction

Week 9
Topic: Polarization

Learning
Goals Upon
completion of
this section
you will be
able to:

1. Define a thin film
2. Describe phase

shift upon
reflection

3. Explain the
operation of
antireflection and
reflection coatings

4. Describe the
operation of
optical
wavelength filters

1. Describe the
difference
between near field
and far field
diffraction

2. Explain the
Huygen-Fresnel
principle of
diffraction

3. Use the single slit
diffraction
equation to solve
for slit width
and/or wavelength

1. Describe the difference
between random, plane,
circular, and elliptical
polarization

2. Describe the creation and
modification of polarized
light: absorption,
reflection, scattering, and
birefringence

3. Apply Malus law
4. Explain and calculate

Brewster's angle

Textbook 1. Chapter 5: End of
Chapter Problems
Part I.

2. Web-based
application

1. Chapter 5: End of
Chapter Problems
Part II.

2. Web-based
application

1. Chapter 6: End of Chapter
Problems

2. Web-based application

Lab/ Hands-
on

Activity

The Air wedge Single Slit
Diffraction and/or
Diffraction by a
Hair

Malus Law and/or
Brewster's Angle

Alliance/Gro
up
Discussion
Topics

- Discuss difficulties
performing this
experiment and
how you
overcame them

- Find and share
natural examples
and applications
of thin films that
you would use in
your classroom

- Was this topic
presented at the
appropriate level
for your students?

- Which experiment
did you choose?
Why?

- Would you modify
this lab to better
suit your students?
If so, how?

- Find and share a
practical
application for
diffraction.

- Was this topic presented at
the appropriate level for
your students?

- Which experiment did you
choose? Why?

- Would this lab be
appropriate for your
classroom?

- Find and share an
application of polarization.
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Self-
Assessment

Chapter 5 Online
Self-test

Chapter 5 Online
Self-test

Reflective Letter &
Chapter 6 Online Self-test

Table 4. Sample Three-Week Curriculum Outline

Mise en forme : Puces et
numéros
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Course expectations dictated that upon completion of each learning module, participants would
work together to develop a detailed lesson plan, or curriculum map, for teaching their newly
acquired photonics content knowledge in their own classrooms. Upon completion of the course,
the culmination of these weekly curriculum-planning efforts would result in a comprehensive
customized lesson plan for teaching photonics technology for each participant. To aid in the
process, participant had access to a national network of industry mentors, photonics educators,
and pedagogy experts committed to helping adapt content material to their own curricula.

C. Research Findings for Cohort 1
Research was conducted at the end of the Fall 2004 semester to examine the relationship
between learner interaction, self-regulatory development, critical thinking skills, and learning
outcomes. To better understand this relationship and to guide the implementation of the
PHOTON2 web-based course for Cohort 2, the PHOTON2 research team addressed question:
What is the nature of the relationship between learner interaction (i.e., learner-to-learner,
learner-to-content, and learner-to-instructor), self-regulation, critical thinking, and learning
outcomes in an online professional development course?

Methods
Quantitative and qualitative methods were used to address the research questions [7]. Data
sources used in the study were demographic surveys, pre-post tests, threaded discussion text,
reflective journals, and the Motivated Strategies for Learning Questionnaire (MSLQ) [29].
Demographic surveys were administered at the beginning of the course during the two-day
introductory workshops. Pre- and post-content knowledge assessments (60-item, multiple
choice questions; average alpha reliability of 0.840 computed using two trials) were
administered online at the beginning (week 1) and end of the course (week 16). A three-
member panel of photonics experts was used to ensure content validity. Threaded discussion
data and reflective journal entries were compiled and open coded for the 16-week course to
examine trends in learner interaction (learner-to-learner, learner-to-instructor, and learner-to-
content) and analyzed for evidence of critical thinking and self-regulatory development. Analysis
of critical thinking involved coding and theming threaded discussion postings using six indicators
(i.e., linking, reflecting, analyzing, building, offering, and engaging) [30]. Lastly, the self-
regulation subscale of the MSLQ (18 items scored using a 7–point Likert scale; Mean values
computed for the self-regulation subscale; average alpha reliability of 0.883 computed using two
trials) was administered online during the second week and last week of the course to obtain
pre-post measures of self-regulation.

Results
Of the 23 teachers who started the course for Cohort I, one withdrew for personal reasons and
four changed to audit status because of situational constraints. Of the remaining 18 participants,
complete data sets were obtained for 15 participants for analysis. All data were screen for
outliers and normality. Analysis of data revealed the following:

Pre-post content knowledge: Results of paired t-tests showed a statistically significant
increase (t = -7.02, p< .001) in content knowledge. Based on comparisons with pre-post
content knowledge scores recorded in previous classroom-based versions of the
Introduction to Photonics courses, this result suggests that learning outcomes as
measured by pre-post content knowledge in a web-based course in photonics
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technology are comparable to learning outcomes in traditional classroom instruction.
Given that most participants had never taken a formal course in photonics, this result
was no surprise. However, given the nature and difficulty often reported in teaching lab-
based technology courses online, this result was very encouraging.

Learner Interaction: In total, learners posted 681 messages over the 16-week period.
Interaction was broken down into five categories, learner-to-all, learner-to-learner,
learner-to-instructor, instructor-to-individual learner, and instructor-to-all. Analysis of
threaded discussions showed a slight sequential increase in the level of learner
interaction across all categories over the first three quarters of the semester and a
dramatic drop in interaction during the fourth quarter of the course. This result is
consistent with other research [30] in which researchers found similar patterns of
participation in online courses. These results are shown in Figure 4.

One possible explanation for this drop in participation is that some learners may find it
difficult to actively engage in a professional development activity for a prolonged period
of time. Most professional development programs are usually offered as short-term
workshops, which are not as demanding of time as a full semester web-based course.
While the benefits of continuous learning are well documented, perhaps a compromise
would be to break up the course into smaller more manageable “chunks”, offered over a
longer time frame.

Figure 4. Online Interaction for Cohort 1
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While an increase in learner interaction was viewed as positive, most of the increases in
interaction occurred between individuals and the instructor. We would like to have seen
a higher level of learner-to-learner interaction, a cornerstone in collaborative learning.
Analysis of threaded discussions showed that Cohort 1 participants were more likely to
respond directly to the instructor’s inquiries regarding technical content as opposedto
engaging in online discourse with peers [7]. Overall, the majority of postings (73%) most
were between the instructors and individual learners. Throughout the semester,
numerous attempts were made by the PHOTON2 instructors and adult learning experts
to increase the level of learner-to-learner interaction in an effort to establish a more
collaborative learning environment; participants did not respond accordingly –they were
reluctant to “step outside the box.” One of the most common reasons given for not
participating in online interactions was lack of time due to full time teaching loads and
other obligations such as family, committees, and other course work. While this may be
true for many learners, it does not explain while some individuals can work around a
busy schedule and fulfill their course obligations while others struggle to manage their
time.

Another possible explanation for the lack of learner-to-learner interaction may have been
due to the lack of social rapport between participants. While individuals within specific
alliances did have an opportunity to meet face-to-face during the introductory two-day
workshops and photographs of each participant were posted on the website, most of the
participants had never met. Other researchers have reported similar findings, suggesting
that before engaging in online instruction, instructors should spend more time upfront
engaging in online social dialog to break down the social barriers that inhibit individuals
from engaging in online discourse [7, 31]. On the positive side, however, we did find that
for those individuals who did post to regularly the threaded discussion board, a
significant number of postings involved learners sharing their classroom experiences
with other learners, which can be viewed not only as a measure of success in that
PHOTON2 course content was being actively applied in the classroom, but also in the
fact that learners were actually constructing knowledge in a collaborative manner.

Self-Regulation: Results of paired t-tests performed on the MSLQ self-regulation scale
data showed a statistically significant increase (t = -7.8, p< .001) in learner self-
regulation. While no significant relationship was identified between learner interaction
and self-regulation, or between learner interaction and learning outcomes, increases
were found for levels of critical thinking. While speculative, this result suggest that the
development of self-regulation skills may be more a function of the reflective activities
required for critical thinking in threaded discussion postings and in the preparation of
reflective letters than in the level of learner interaction. This result will be investigated
further in subsequent research.

Critical Thinking: Evaluation of 140 postings was coded for levels and types of critical
thinking. Initially the level of critical thinking was very low. The majority of the postings
included comments such as “The topic is well-covered”, “The content looks good”, and “ 
I did read through the lab and my first impression was that it seemed clear, informative,
and easy to follow”. This type of surface interaction was determined to be 
counterproductive to reaching the goal of active learning through collaboration. In an



205/416

effort in increase the contribution of each participant, we introduced learners to six
strategies for enhancing critical thinking (i.e. link, reflect, analyze, build, offer, and
engage) to be applied to each posting to the online discussion. Facilitators replied by
asking probing questions in response and modeled critical thinking in their postings. The
result of making learners aware of critical thinking strategies was an increase in the
quality of each participant’s contributions to the online discussion. This was evident by 
the types of interactions between participants. Posting to the discussion now included
such statements as “In my experience working at laser manufacturing companies…” “I 
would start the discussion on where parallel rays come from… It allows the student to 
easily estimate…” increased critical thinking, evident by the sharing of previous
experience and curriculum implementation ideas enhanced the meaningful collaborative
that results in higher learning outcomes.

D. Cohort 2
Based on these preliminary findings from Cohort 1, several changes were made to the
PHOTON2 web-course. First, the 2-day regional introductory workshops were held closer in
time to the beginning of the course (within 4-8 weeks) so that participants would not lose their
momentum and motivation for taking the course nor their skill at navigating the course. Second,
the course was opened for participation one week before the actual start date for the course so
that participants could log on and introduce themselves to the larger group in an effort to
increase the amount of social rapport. Participants were asked to discuss their educational
background, where they were from, teaching environment, teaching philosophy, motivation for
participating in the program, and any other information they wanted to share about their
personal lives, hobbies, families, etc. Third, the scope of material to be covered during the
semester was reduced. This change was based on a survey administered to Cohort 1 in which
participants were asked to rate the importance of each topic covered (1 to 5 Likert scale) with
regard to which topics were most likely to be taught in their classrooms. By reducing the amount
of material covered, more time was able to be spent on core concepts with the hope of fostering
deeper learning, and as a result, increase the likelihood that the material would (or could) be
applied in their classrooms. Last, and most important, the format of the PHOTON2 web-based
course was modified from a traditional instructor-centered format in which all course activities
and discussions are centered on the instructor, to a learner-centered approach, where the role
of the instructor shifts from leader to facilitator. The purpose for this change in format was to
increase the level of learner-to-learner interaction in an effort to create a more collaborative
learning environment where learners would work together to construct knowledge and ideas
through interactions and responses from others [24]. A graphic illustrating the role of the
instructor and learners is shown in Figure 5.
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Figure 5. Learner-Centered Course Format

The web-based course for Cohort 2 was organized into two distinct activities, Learning
Photonics and Teaching Photonics, which alternated throughout the semester as illustrated
below in Figure 6. Participants were grouped together with their alliance members for the
Learning Photonics segments and then grouped together with the same teaching level (e.g. high
school and college teachers) for the Teaching Photonics segment, giving each participate the
opportunity to collaborate with others with similar experiences and learning goals.
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Figure 6. Cohort 2 Web-Based Course Format

Learning Photonics: In the Learning Photonics segment, learners were involved reading course
material, engaging in individual and group problem solving, performing laboratory experiments,
and applying their skills and knowledge in solving real-world problems. While the overall course
requirements remained consistent with that of Cohort 1, the format in which the course was
organized was much different. Approximately every 2-4 weeks the instructor introduced a new
photonics topic –typically on Wednesdays. Associated with each new topic was a thought
provoking real-world problem related to that particular topic. Upon beginning a new topic, the
learner would spend the first few days reading the assigned text, performing lab exercises, and
working through the homework problems either individually or with their alliance members.
Learners were encouraged to consciously think about the application problem while engaging in
the course assignments. From Saturday to the following Tuesday, learners were instructed to
engaged in a group discussion with their alliance to provide an opportunity to collaborate with
their colleagues in solving the assigned application problem. Each alliance was instructed to
select a discussion leader, who was responsible for leading the discussion group and reporting
out the results of the problem solving session to the entire cohort for that particular segment.
The role of discussion leader would alternate among alliance members of each Learning
Photonics segment. This provided a forum for brainstorming and bouncing ideas off the others
in the group. During this time the instructor was available on a limited basis to provide each
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alliance with critical feedback and insights. On the second Wednesday of the 2-week period, the
instructor joined in the discussion to provide each group with more substantive feedback and
help in synthesizing and summarizing the group’s problem solution. On the second Sunday of
the two-week period, each alliance group reported their problem solution to the entire cohort for
open discussion facilitated by the instructor. Finally, on the last day of the two-week period
(Tuesday), each group received a summary of the problem solutions presented by all of the
alliances from the instructor to aid in the next Learning Photonics segment.

Teaching Photonics: Immediately following each Learning Photonics segment, participants
engaged in online discussions that involved reflecting on what they have learned (and didn’t 
learn), how they learned it, what strategies were most successful, and how best to implement
what was learned in their own classroom. Following the same instructional format used in the
Learning Photonics segment described above, learners participated in instructor-facilitated
group discussions centered on (1) developing a curriculum implementation plan for teaching
your own students, and (2) developing the metacognitive skills needed to engage in lifelong
learning. In addition to participating in online group discussions, during each Teaching
Photonics segment, each participant was also required to respond in his/her personal online
reflective journal to a series of questions dealing with personal learning goals, learning
strategies, curriculum development issues, and web-based learning issues. Unlike the Learning
Photonics segment, discussion groups in the Teaching Photonics segment were organized
according to grade level (i.e., high school or college) as opposed to regional alliances. This
“cross-pollenization” of educational levels provided the opportunity for participants to collaborate 
with educators both regionally and nationally, and across educational levels.

E. Research Findings for Cohort 2
Using the same methods for data collection and analysis applied to Cohort 1, research was
conducted at the end of the Spring 2005 semester with Cohort 2 to examine the relationship
between learner interaction, self-regulatory development, critical thinking, and learning
outcomes. The same research question was addressed for Cohort 2: What is the nature of the
relationship between learner interaction (i.e., learner-to-learner, learner-to-content, and learner-
to-instructor), self-regulation, critical thinking, and learning outcomes in an online professional
development course? The only difference was in the pre-post content knowledge assessment
instrument, which was modified to reflect the changes in course content (45-item multiple choice
questions).

Results
Of the 28 teachers and faculty who started the course for Cohort 2, four withdrew for personal
reasons within the first two week of the course and three changed to audit status because of
situational constraint, and three not complete the course for other reasons. Of the remaining 18
participants, complete data sets were obtained for 13 participants for analysis. As in Cohort 1,
all data were screened for outliers and normality. Analysis of data revealed the following:

Pre-post content knowledge: Results of paired t-tests showed a statistically significant
increase (t = -6.26, p< .001) in content knowledge. As in Cohort 1, most participants had
never taken a formal course in photonics, so it was expected that there would be a
significant improvement in pre-post test performance. Again, given the nature and
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difficulty often reported in teaching lab-based technology courses online, this result was
very encouraging as well.

Learner Interaction: In total, learners posted 445 messages over a 20-week period. The
additional 4-weeks for Cohort 2 was due to the additional week added at the beginning
of the course to enhance social rapport and to orient participants with the web-based
learning environment and three weeks added to the end of the semester to compensate
for time lost during spring break for college and winter/spring break for high school.
Interaction was broken down into five categories, learner-to-all, learner-to-learner,
learner-to-instructor, instructor-to-individual learner, and instructor-to-all. As with Cohort
1, analysis of threaded discussions showed a slight sequential increase in the level of
learner interaction across all categories, but over two 4-week period rather than three,
followed by a dramatic drop in interaction during the last three 4-week periods. Again,
this result is consistent with other research [30] in which researchers found similar
patterns of participation in online courses. These results are shown in Figure 7.
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Figure 7. Online Interaction for Cohort 2

It should be noted that because participants were allowed to post to their personal
reflective journals, which were not visible to the other participants in Cohort2, the total
number of postings (445) does not include 76 private messages. This was not the case
in Cohort 1, where all messages were visible. In addition, the relatively large number of
posting from individual-to-all for the first 4-week period is the result of personal
introductions that were posted globally.



210/416

One interesting observation is that compared to Cohort 1, the percentage of total
postings between individual learners and the instructor in Cohort 2 went down from 75%
to 43%. At the same time, the percentage of total postings between for individuals
increased from 20% to 36.9%. This result reflects an increase in collaboration between
participants of over 75%, suggesting that the change in course format from instructor-
centered to learner centered did in fact improve the level of peer-peer collaboration in
the course.

While analyses of interaction data did show a marked increase in peer-to-peer
collaboration as a percentage of total threaded discussion postings, analysis of threaded
discussion data revealed that most learners were still dissatisfied with the level of
interaction. Comments such as, “Now that we have started I’m getting a little concerned 
about the lack of participation by others. I would like to have the perspective of others to
work off,” and “I will try to create a routine so that I can keep up and regularly 
communicate with others…I do believe that working with others enhances learning and 
understanding” were echoed by many of the participants. Interestingly, while most 
participants viewed interaction with others as a very important part of online learning,
many did not translate that sentiment into action – they “couldn’t get past go” when it 
came to sitting down and posting a message.

One possible explanation may be that some learners lack the confidence or self-efficacy
needed to translate thought into action. Research shows that in web-based learning
situations, self-efficacy can mediate the relationship between metacognitive knowledge
and self-regulation [8]. In other words, knowing what needs to be done (e.g., interacting)
doesn’t necessarily translate into doing what needs to be done (e.g., posting a
message). Learners who lack the self-efficacy for interacting in an online environment,
perhaps because their skill level is lower than others, or they do not feel they have
anything positive to contribute, are often times at risk, likely to fall behind and eventually
disengage from the learning process. The good news is that learners with low self-
efficacy can build their confidence through the process of scaffolding, whereby an
instructor or more knowledgeable peer helps the individual bridge the gap between
participating and not participating by providing encouragement and support for their
learning. Scaffolding is an inherent characteristic of collaborative learning –the greater
the degree of collaboration, the greater the support network available to help learners
develop the self-efficacy needed to self regulate their own learning [1, 7, 9].

Self-Regulation: Results of paired t-tests performed on the MSLQ self-regulation scale
data showed a statistically significant increase (t = -5.218, p< .001) in learner self-
regulation. While this result was comparable to the gains in self-regulation reported for
Cohort 1, which were attributed mainly to efforts used to encourage critical thinking in
postings, improvements in self-regulation for Cohort 2 may also be attributed to the
change in course format, which allowed for more time between main topics during the
Teaching Photonics segment to respond to questions in the online reflective journal. In
the reflective journal participants were asked to respond to questions pertaining to
setting, monitoring and evaluating learning and implementation goals and performance,
concerns and barriers with online learning and plans for overcoming them, and how
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interacting and collaborating with alliance and grade level groups enhanced their own
learning. Threaded discussions in the Teaching Photonics segment focused on
participants’ expectations for working with their alliance group, how they would work 
together, and ways in which group discussions could maximize individual learning.
Facilitators and participants experienced in online learning also provided support and
strategies to help less experienced online learners become more effective. The format,
structure, and discussion topics in the Teaching Photonics segment set the level of
expectation for peer-to-peer interaction high, but provided the support, strategies, and
encouragement necessary for the development self-regulation skills. This high level of
participant support may have also contributed to an increase in learner self-efficacy,
which has been linked to self-regulated learning [1, 7, 9].

Critical Thinking: Participants were given the six strategies for enhancing critical thinking
(i.e., link, reflect, analyze, build, offer, and engage) to apply in their threaded discussion
postings during the two-day introductory workshop. Facilitators discussed the
importance of applying critical thinking strategies in their threaded discussion postings
and the effect on learning outcomes. Examples of each of the six strategies were
discussed and participants practiced using these strategies in simulated threaded
discussions during the two-day introductory workshop. These strategies were not
covered in the introductory workshops for Cohort 1, but introduced later in the course as
an intervention aimed at improving the quality of postings. Because of this early
intervention for Cohort 2 as well as changes in course structure and reflective journal
format, levels of critical thinking were higher much earlier in the course than in Cohort 1.
Specifically, participants replied to threaded discussion questions in more detail, shared
experiences and resources, and asked relevant questions to each other sooner rather
than later as in Cohort 1.

III. Observations, insights and recommendations
Cohorts 1 & 2 provided some valuable insight into what works and what do not in a lab-based
online professional development course. Qualitative and quantitative analysis of data as well as
observations and insights gained through discussions and interviews with participants and
instructors yielded the following recommendations:

1. Socialize –In an effort to increase learner-to-learner interaction, more time should be spent
at the beginning of a web-based course prior to engagement in course content to establish
social rapport amongst learners. Learners who are comfortable with the learning
environment and feel that they are part of a supportive community of learners will be more
likely to engage in online dialog and collaborative learning. Moreover, when students are
explicitly encouraged by the instructors right at the start of the course to interact with peers
and view peers as legitimate sources of information with experience, then they tend to more
readily interact with each other online and also communicate with each other "behind the
scenes."

2. Course Structure –The most common complaint from participants was the lack of time to
perform course work, conduct lab experiments, work with alliance members on curriculum
development, and participate in online threaded discussions. Interaction data for both
cohorts showed a significant drop-off in participation after approximately 8 weeks. Based on
this data, we recommend offering professional development in smaller more manageable
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“chunks” (e.g., 6-8 weeks) spread out over a longer period of time (e.g., two semesters
rather than one) with ongoing technical support and mentoring. Separate out and conduct
curriculum development and reflective activities in the interim period between “chunks.” 
While coherent learning should always be one of the cornerstones of adult professional
development, structuring learning activities in a way that provide learners with some “down 
time” to reflect on and experiment with what they have learned and how they learned it will
help in making better decisions on how to implement curricula that will yield more positive
results.

3. Clarify Expectations –Make clear expectations for course participation before beginning the
course. Some of the comments made by Cohort 1 participants were that they “did not expect 
the course to take up so much time.” The reality is that most web-based courses take at
least as much time as classroom courses, if not more time [32]. While the benefits of
access, convenience and opportunity for collaboration are well documented, the
responsibility of completing course requirements still falls on the learner. By clarifying
expectations such as time commitment, deadlines, rules for engaging in online discussions,
and level of participation, learners can better plan for the amount of work required for
successful completion of web-based courses.

4. Critical Thinking –At the beginning of the course, encourage critical thinking in threaded
discussion postings by providing learners with an online guide or template consisting of
strategies for improving critical thinking (i.e., link, reflect, analyze, build, offer, and engage)
to be applied before posting to an online discussion. Applying this strategy will promote
more substantive and thoughtful contributions to the online discussion and may foster the
development of self-regulation skills critical to lifelong learning.

5. Use Video –Provide supplementary video (e.g., VHS, CD-ROM, MPEG, etc) to clarify
concepts and/or experiments. The majority of participants from both cohorts indicated that
the CD-ROM videos of laboratory exercises were extremely valuable in helping not only to
identify unfamiliar laboratory components, but also to demonstrate more complex
procedures and experimental set-ups. The use of video also adds a human element to an
otherwise isolated learning format.

6. Scaffold Self-Regulation– Quickly identify “at risk” learners who may lack the self-regulation
skills necessary for successfully participating in a collaborative online course. These
learners can be identified as those that start out with enthusiasm and quickly drop off in their
level of participation in threaded discussions. Provide these participants with additional
support in developing and using self-regulation strategies needed to plan, monitor and
evaluate their learning strategies. This should result in a higher level of participation and
more positive learning outcomes.

IV. Conclusion
The goal of Project PHOTON2 was to increase the number of high school teachers and college
faculty across the US prepared to teach photonics technology at their own institutions through
the development and implementation of a web-based professional development model
grounded in adult learning principles. Through participation in the three-year project, participants
will (1) develop core competency in optics and photonics technology; (2) apply and adapt optics
and photonics content into their own courses and curriculum; (3) develop the self-directed
learning skills critical to life-long learning; and (4) establish and maintain a collaborative online
learning community consisting of peers, mentors, and industry professionals that support the
transfer of learning through synergistic learning activities. The pedagogical framework
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integrated active, continuous, coherent, collaborative, and self-regulated learning elements into
an online learning environment in which learners actively engaged in individual and group
problem-solving and hands-on laboratory experiences, scaffolding of self-regulated learning
strategies, and collaboration with other educators both locally and nationally on issues of
curriculum development and implementation.

The PHOTON2 project also sought to answer research questions regarding the viability of web-
based professional development, specifically: What is the nature of the relationship between
learner interaction (i.e., learner-to-learner, learner-to-content, and learner-to-instructor), self-
regulation, critical thinking, and learning outcomes in an online professional development
course. Pre-post test scores for two cohort groups were comparable with pre-post content
knowledge scores recorded in previous classroom-based versions of the same course
(Introduction to Optics and Photonic), suggesting that learning outcomes in an online laboratory-
based course in photonics technology are comparable to learning outcomes in traditional
classroom/laboratory instruction.

Course structure was found to impact both the types and level of interaction between
participants. Cohort 1 was taught using an instructor-led format, Cohort2 a learner-centered
format. Other differences included the manner and timing in which content and curriculum
development activities were addressed. Results showed that overall, the level and quality of
collaboration among learners was greater in Cohort 2, suggesting that the learner-centered
course format allowed for more social interaction and also yielded a higher level of critical
thinking among learners. Results also showed that the number of postings to the threaded
discussions declined in that second half of each cohort group. This finding was comparable to
other findings of other studies, suggesting that a reduction in the traditional length of courses
(e.g., from 16-weeks to 8-weeks) may be necessary to accommodate the hectic schedules of
adult learners. Further research is necessary to identify other contributing factors to this
reoccurring phenomenon.

Self-regulation skills significantly increased in both cohort groups. This result suggests that the
development of self-regulation skills may be a function of the reflective activities required for
critical thinking in threaded discussion postings and in the preparation of reflective journals.
While self-regulation skills did improve in both cohorts, there was little evidence to suggest a
direct relationship between self-regulation and learner interaction. As a result, more research is
needed to examine this relationship. Results also suggested that the level of critical thinking in
threaded discussion postings was the result of clearly delineated strategies for incorporating
critical thinking into online threaded discussion postings and facilitator feedback modeling the
use of these strategies. When participants were made aware of specific strategies for
incorporating critical thinking indicators into their postings at the beginning of the course and
facilitators ask probing questions to model critical thinking in their response to participants’ 
postings, the level of critical thinking increased.

Based on our findings, recommendations were made to enhance learning outcomes in web-
based professional development. Specifically, facilitators should design web-based courses to
allow for increased social interaction prior to beginning a course; structure courses to allow for
more time to engage in reflective activities and online social dialog; provide learners with clear
expectations for course performance; group participants into learning groups with similar
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interests and backgrounds; identify early on those participants who may lack the self-regulation
skills needed to succeed and provide scaffolds to facilitate the development of those skills; and
provide strategies and examples for incorporating critical thinking in online discussion postings.
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Measurement of a surface profile with maximum accuracy, using a temporal phase-
stepping.
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Abstract
The spreading of optical full-field technique in the world of mechanics needs a strong
educational effort at any level: undergraduate, graduate, or continuing education. On that
purpose, practicals are very important. In the context of a “Photomechanics summer school” 
held by CNRS, a practical based on the fringe projection technique has been developed.
Even if the basic principle is very simple, a lot of parameters have to be fixed. The set-up
enables students to understand the choices of these parameters in order to obtain the best
results and shows a way to characterize the errors.

Keywords
surface profile measurement, spatial phase stepping, temporal phase stepping, phase
modulation, contrast, sensitivity, resolution, noise, visibility, calibration,

Summary
The optical fringe projection technique for a surface profile measurement is very useful because
the whole surface can be analysed at once. A reference optical grid is generated with a video-
projector and projected onto the object surface.
For a given optical setup the shape of the fringes depends on the profile of the surface. In our
experiment, a software allows the determination of the object shape. To obtain the best results
the experimenter has to choose different parameters : the spatial period of the fringes, the
contrast of the pattern, whether to use temporal or spatial phase stepping and the value of the
phase step. The setup enables students to understand the choices of the parameters and
allows the investigation of the errors that have to be avoided.
To process the fringe pattern the computer is equiped with the FrEngine software. The mean

angle m between the video-projector optical axis and
the camera one’s is about 20° (figure 1).
When a reference grid generated by the video-
projector is projected onto a reference plane surface
(x, y), the intensity field on the plane is described by a
periodic function denoted « frg » :

I(frg( 
In the simpliest case the periodic function is a cosine
function and the intensity at a given pixel contains 3
unknown factors and  [Eq. (1)]. So, in order to
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get the phase , at least three images have to be saved and processed.
When the grid is projected onto an object the fringe pattern is deformed. The shape of

the fringe can be described as a phase modulation of the fringe intensity :
I(frg(frg(
The phase the altitude z of the point (x, y). If the incident beam is supposed
to be collimated, the relationship between the phase and the altitude is :
p) tan(m) z (2)
allows the detection of the phase by the use of temporal or spatial

phase-stepping. To obtain the best results the students have to investigate the influence of
various parameters :

o using temporal or spatial phase stepping
o the spatial period of the fringes
o the contrast and the fringe profile
o the value of the phase step.
If the object is moving (production chains, biological object) the spatial phase-stepping has

to be chosen. On the other hand if one has some time it is better to work with temporal phase-
stepping to obtain a better spatial resolution. Students have no time enough to investigate the
two methods so in the proposed lab work they approach only the temporal phase-stepping.

From Eq (2) the students deduce that the sensitivity /z increases when the angle
 when the spatial period of the fringe pattern on the plane surface
decreases. So they choose a large angle but they have to make sure that there are no
shadows. The smallest period is equal to 3 pixels.

To know the detection threshold (or resolution) of the phase measurement, the students
measure the noise of the acquisition chain doing the difference between two images of two
independent acquisitions of the same reference plane. They should notice that the resolution of
the phase measurement decreases when the visibility  is maximum, and when the mean
radiance A of the object surface is important as indicated by the following equation :
=√(22/MA 
where 2 is the noise power on the intensity and M the number of acquired images . The
students have to be careful because the mean radiance A of the object surface has to be
maximum but no saturation should occur. Moreover when the reference optical grid is generated
with a video-projector they notice that some compromise has to be found between a great
visibility and to obtain a cosine function for the intensity on the plane reference.

The last investigated parameter is the N value of the phase step. This number has to be a
divisor of the number of pixels of the spatial period of the reference optical grid (here we refer to
the videoprojector pixel array). The students should notice two things, the first one is that the
number M of images taken to calculate the phase d to N for a temporal phase
stepping. The second one is that the uncertainty of the phase measurement evaluated by the
standard deviation  is inversely proportional to N but that the duration of the experiment
becomes important. So, a compromise has to be found.
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The knowledge of the phase allows
to calculate the height z from the
equation (2). But the measure of the
m is difficult to do, the measurement
incertainty is important so a calibration
is required. One centimeter shifting of
the reference surface measured with a
displacement gauge allows a
calibration and the calculation of the
mean sensitivity of the set up. The
students are faced to the fact that the
sensitivity is nonuniform. They have to
explain this, noticing that the projection
angle varies between two values min

and max. From the mean sensitivity
value, the mean angle m is deduced.

The axial resolution (along the z
axe) is deduced from the sensitivity
and the resolution of the phase
measurement. Knowing that the lateral
resolution is equal to one pixel (at the

object plane level) for the temporal phase-stepping, the pixel size in the object space is simply
measured by the students by aiming at a ruler.

Finally the students have to measure an unknown spheric surface to determine its radius of
curvature with its uncertainty.

In this experiment, the students’goal is to mesure a surface profile. To manage correctly this
measurement, they have to analyse the work on the whole, to take the set up geometry into
account, to evaluate the measurement uncertainties and try to minimize them. This lab work
also pushes students to understand the importance of the configuration parameter choice in
order to obtain the best results and to investigate the errors that have to be avoided.

Video-projector

CCD Camera



min

max

Real projection x

z
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University teaching laboratory on laser physics, photonics and fiber optics

I.V. Golovnin, V.A. Makarov, V.B. Morozov, O.E. Nanii, S.A Shlenov

International Laser Center of M.V.Lomonosov Moscow State University, Moscow, Russia

Abstract
International laser Center of Moscow State University offers teaching setups for

undergraduate students and students of retraining courses who apply photonics, lasers, and
optical communication methods in different fields. Each teaching task is targeted to make a
student carry out a real experiment. Most of laboratory works are intended both for phenomena
demonstration and for in-depth study of physical mechanisms. The developers of the laboratory
works tried to link them to the concepts from other physics courses: quantum mechanics,
electricity and magnetism, solid-state physics. Laboratory experience with lasers and photonics
reinforces ideas learned in these courses.

Keywords
Education in optics, practicum, photonics, lasers, nonlinear optics, spectroscopy, fiber optics.

Summary
In Russia we can see trends in teaching students toward to substitution virtual computer

environment for real laboratory experiment. For students of optics and laser physics it means
more practice in changing parameters of computer simulations than in adjustment of optical
elements and tuning laser setup. We do not think it is good for training of highly qualified experts
both in engineering and science. The development of the teaching laboratories with real
experimental setups is very important both for training specialists and to form correct natural
scientific world view of students.

International laser Center of Moscow State University accepts students from physics
faculty and retraining students and provides them facilities to work on a scientific project in one
of more than dozen experimental laboratories. Besides, we have a constantly developing
teaching laboratory with laser and optics setups meant for practical classes for undergraduate
students, refreshing courses, and to retrain specialists who apply photonics, lasers, and optical
communication methods in different fields (biology, chemistry, medicine, etc.). We can also
provide teaching equipment and manuals to recreate practicum outside ILC MSU.

The laboratory works mainly concern optical experiment and can be used in practical
classes as a support for basic and specialized courses in the universities or other educational
institutions in the fields of laser physics, nonlinear optics and spectroscopy, optical
communications and photonics. Each teaching task is targeted to make student carry out a real
experiment in the specific area. Most of laboratory works are intended for phenomena
demonstration and for in-depth study of physical mechanisms.

The developers of the laboratory works tried to link them to the concepts from other
physics courses, such as quantum mechanics, electricity and magnetism, and solid-state
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physics. Laboratory experience with lasers and photonics reinforces ideas learned in these
courses and allows for spiral learning of important concepts.

All the tasks can be sorted by subject in several groups: Basic course of optics, Laser
physics, Signal recovery and data processing, Nonlinear optics and spectroscopy, Fiber optics.
The first group is designed for entry-level students and includes experimental study of the
foundations. The other laboratory works are designed for upper year students of the
corresponding specialties.

Here we present a brief description of teaching experiments designed and realized in
Moscow State University.

Optics. Basic course.

Geometrical optics.
This experiment enables students to understand the basics of geometrical optics. An

optical set up having one or several lenses allows observing the sharp image of the light source.
By measuring the system linear dimensions one can calculate focal lengths and other
parameters of lenses in use.

Polarization of light.
In this laboratory work students study the polarization states of light. A simple set-up with

diode laser, photo-detector, polarizer, and birefringent plates permits students to investigate
different state of light polarization, e.g. elliptical, circular, and linear.

Fresnel Diffraction.
In this laboratory work students become acquainted with diffraction patterns by different

objects and corresponding theory in Fresnel approximation. An object is illuminated by diode
laser beam passed through a divergent lens. Students can observe the diffraction pattern on a
screen and investigate the light intensity distribution in the screen plane using a photo-detector.

Fraunhofer Diffraction.
This experiment familiarizes students with basics of diffraction phenomenon and its

description in Fraunhofer approximation. A plane monochromatic wave of light (laser beam)
interacts with an investigated object. Obtained diffraction pattern is registered by a computer
controlled system. The following data processing allows to determine the parameters of the
object.

Laser physics.

Holography.
This laboratory experiment familiarizes students with the practical method of recording

holograms of real transparent objects. First, students are suggested to build and adjust a simple
experimental set-up containing He-Ne laser, a beamsplitter, mirrors, and several transparent
objects. Then they cover the set-up with light-tight box and record a hologram on a special
photoplate. After developing the photoplate students study the virtual and real image
reconstruction in reference beams with different wavelength and spectrum.

Optical modulation.
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In this experiment the students study the principles of modulation of light. Modulators have
important technological applications in fiber optics and optical communications. In the first part
of the experiment the electro-optical modulator is studied. Applying a voltage to the crystal
results in changing of the indices of refraction and, hence, the polarization of the transmitted
light. The acousto-optical modulator (AOM) is then studied. A sound wave, inside the AOM
quartz crystal, is created by a piezoelectric transducer resulting in a volume diffraction grating.

Laser Beam Characterization.
The measurement of M2 is very popular nowadays because this parameter is invariant

throughout the propagation of the beam and quantitatively compares the propagation
characteristics of the real beam to those of a pure TEM00 for the Gaussian beam. Students
learn how to make correct measurements of the main parameters of a laser beam such beam
parameters as beam center, diameter, ellipticity, divergence angle, beam propagation factor M2,
Relay distance etc. according to international standard ISO 11146 “Test method for laser beam 
parameters: Beam width, divergence angle and beam propagation factor”.  During this task 
students are asked to measure beam center and beam diameters as first and second moments
of the intensity distribution function correspondingly. The algorithm of measurements of M2-
parameteris could be based on double or multiple beam diameters.

Compact micro joule laser radar and aerosol monitoring technique.
In this laboratory work students study the operation of compact laser radar based on a

diode laser as a light source with eyes-safe level of output power and avalanche photodiode
operating in photon counting regime. In contrast to the traditional technique of remote sensing
with analog signal registration, this set-up uses only digital circuits without signal preamplifiers,
and digital data processing, storage, and presentation. Extremely low level of pulse energy in
the laser beam and presence of noise requires statistical approach for signal detection with
preassigned criteria when signal-noise ratio is much less then unity.

Nonlinear optics and spectroscopy.

Optical harmonics generation and optical parametric oscillator.
Nonlinear optical effects such as second harmonic generation (SHG), optical mixing, and

optical parametric oscillations are studied in this experiment. Nonlinear optical crystals can be
used to sum and difference optical frequencies to create light with different wavelengths. Using
basic equipment set-up students investigate the second harmonic generation in detail. They
study the phase matching conditions for SHG, where the fundamental and the second harmonic
waves travel inside the crystal at the same velocity. They measure the second harmonic power
as a function of angle between the beam and the optical axis. Then they study the influence of
the crystal type, its length, and radiation input power on the efficiency of SHG. Also they can
measure the beam parameters for fundamental and second harmonic radiation: pulse shape
and width, average power, and beam profile, which are strongly affect the conversion efficiency
of SHG. Additional equipment set-up is used for third (and forth) harmonic generation and
optical parametric oscillator (OPO).

Lock-in technique in pump-probe spectroscopy.
This experiment deals with fundamentals of lock-in technique for measurements of small

signals in nonlinear spectroscopy using the pump-probe method. A pump beam modulates the
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transmission of a solid sample to be measured with a probe beam. The pump and probe beams
interact in the sample through thermal nonlinearity. The basics of the thermal nonlinearity are
studied. Two continuous wave lasers with different wavelengths are used as in this experiment,
and the pump beam is modulated by a mechanical chopper.

Fourier Transform IR spectrometer.
This experiment targeted to explain the concept of FTIR spectrometer and details of light

spectrum measurement in near and middle infra red region. Students measure the control
interferogram without sample and interferogram with sample, calculate the spectra with different
windowing methods, and obtain determined transmittance and absorbance spectrum of the
sample. Also they learn about the different photodetectors commonly used in IR spectroscopy.

Fiber optics.

Chromatic dispersion in optical fibers.
In this work the physical nature of chromatic dispersion is studied. The main goal is giving

and idea of spectral dependence of chromatic dispersion in standard fibers, dispersion-shifted
fibers, and to acquaint students with the measurement technique. During this lab students
analyze different approximations for spectral dependence of signal delay and measure the
length of single mode optical fibers.

Integrated losses in components of fiber optics communication lines.
The experiment is aimed to acquaint students with physical mechanisms of losses in

optical communication lines and familiarize them with experimental details involving fiber optics.
They study basic types of losses in fibers (absorption, linear and nonlinear scattering, radiation
losses), losses in input couplers and fiber junctures.

Characterization of back scattering in optical fibers.
In this laboratory work students learn physical mechanisms reasons of scattering in optical

fibers, and measuring technique for spectral and power characteristics of backscattering with
spatial and time resolution. The work aimed to acquaint students with basic types of scattering
in optical fibers: Rayleigh scattering, scattering induced by fiber inhomogeneities, scattering at
fibers flat ends and at junctures. Measurements of backscattering magnitude are carried out
using pulse technique ensuring spatial resolution. Applying heterodyne technique students can
measure magnitude and frequency of different scattered components.

Measurement of optical fibers parameters by optical time domain reflectometer.
Optical time-domain reflectometer (OTDR) is based on light scattering phenomena and

has wide spread applications for measurements of decay, losses, and length of fiber optics
communication lines. This equipment serves for fiber optic cable production, optical fiber
assembling and use, and can be applied in laboratory as well as in field conditions.

Polarization mode dispersion and interferometric methods of its measurement.
In the laboratory work students study the physical mechanisms of polarization mode

dispersion (PMD) and methods of PMD measurement. Students familiarize with various
properties of polarization maintenance fibers and fibers applied in communication lines. A PMD-
meter is used for characterization of fiber optics systems with high-rate data transmission.
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Ytterbium doped fiber laser.
The laboratory work familiarizes students with operating principles, experimental

realization, and output characteristics of a single mode fiber optic laser with diode pumping. In
this work students measure the spectrum, output power, watt-ampere characterization of the
laser operating in continuous wave. They learn the optical scheme of the laser, the structure of
active fibers allowing the efficient coupling of pump with dopant, the properties of distributed
mirrors based on Bragg diffraction, and semi classical laser theory. Special attention is paid to
how various factors affect the conversion efficiency of the laser.
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Ref ETOP053 (For memory only, this paper has been cancelled)

Optics and Photonics Education in Turkey

Ali Serpengüzel

Abstract
This paper presents the situation of optics and photonics education and training in universities in
Turkey as well as the situation in the industry and the government laboratories. Sample
curricula from undergraduate and graduate university levels will be presented. The promotion of
optics and photonics geared towards highschool and middle school students are performed
through the OSA and SPIE student chapters established at Koç University.

Summary
Within the last 10 years, the situation of optics and photonics has greatly improved in
universities in Turkey. There has been an influx of Turkish scientists and engineers trained in
optics and photonics mostly from the United States. With the lull of the telecommunication boom
this number is increasing. Additionally, with the end of the cold war there has been an influx of
scientists from the former Soviet Union. There are now established experimental and theoretical
research groups at a multitude of Turkish universities. Photonics companies are also emerging.
A private cable company is mass producing optical fibers in Kayseri and a second private
company fabricating optical fiber test equipment in Izmir. Additionally, a government company is
involved in photonics research and development. The Scientific and Technical Research
Council of Turkey, Marmara Research Center, and the National Metrology Institute in Kocaeli
have well established optics and photonics rese arch laboratories. In the universities, we are
training the workforce needed for the growing industry as well as the one needed by the
academia. In order to attract high quality high school students, our OSA and SPIE student
shapters are organizing science days to promote science, where optics and photonics plays a
key role.

Biography: Ali Serpengüzel received his B.S. in EE & Physics from Bogaziçi U and his Ph.D. in
Applied Physics from Yale U. He was a research associate at Yale and a consultant to Texaco.
He later joined Polytechnic U as a postdoctoral associate. Dr. Serpengüzel joined Bilkent U as
an Assistant Professor. Dr. Serpengüzel is currently an Associate Professor of Physics at Koç
U. He is also a consultant to the Scientific and Technical Research Council of Turkey. Dr.
Serpengüzel\'s scholarly work output includes more than 60 papers published in refereed
international scientific journals, and proceedings and more than 100 talks at international
scientific conferences. He has received invitations to lecture from more than 30 universities in
the USA and abroad. He is a Senior Member of the IEEE, a member of SPIE Scholarships &
Grants Committee, a member of the Memberhip & Education Services Council of OSA, and a
member of Sigma-Xi, and advisor to the Koç U student chapters of SPIE an d OSA. He is the
past president of the Optical Committee of Turkey representing ICO.
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Methods of measurement and diagnostics based on use of the fiber laser

Yuri Rzhavin

Abstract
The present work describes a theoretical and experimantal investigation of optical fibre sensor
whose sensitive is made on the basis of two Mach-Zender interferometers.The measuring and
reference channels of the device are made in the form of signal-mode lightguides with w-profile,
which retain the polarization of light .The effect of intelligens brain leads to axial comp- ression
of the w-fiber guides in the measuring channel.The measured signal is recor- ded by the relative
displasement of the structure of the interference pattern, which is caused by phase modulation
of a coherent light wave propagating in the measu- ring channel . As the light source, we have
used single-frequency semiconductor injection laser which external resonator was used and one
of a resonator mirrors was the w-lightguide end with reflection structure depo- sited on it .The w-
lightguidess had the cup-off wave length 1,1 um, the degree of retention of polarization 99 %.

Summary
The development of coherent fiberoptic communications facilities has opened up broad
prospects for the creation of highly sensitive monitoring and measuring systems based on
lightguides. Fully optical systems that make full use of the advantages of fiber optics can thus
he huiit for data acquisition and transmission. A promising application of such optical fibre
sensors is in solving problems in studying land use effects in coastal zones with remote
sensing: geoacoustic research, particularly in the investigation of the internal structure and
seismic activity of the Earth in the low-frequency range, tsunami , typhon, cyclone prediction ;
seismic monitoring in deep boreholes and volcanoes with interferometric fibre sensor systems ,
as well as in seismic prospecting for mineral deposits; biocompatible optical fiber sensor
systems for application in seawater monitoring;ground monitoring applying interferometric fiber-
optic vibration and acoustic sensor systems ; low-co st mounting, connecting, and packaging of
fibre-optical sensor systems for application in harsh environment (high temperatures &
pressures, chemically aggressive media ect.). Multicomponent sensors, making it possible to
record vector physical quantities of fields being investigated from a local point , which gives
information not only about the amplitude of the fields being investigated, but also about the
location of the source (for example, seismic activity of the earth), ere finding ever wider use in
the building of control and measuring systems).
The physical principle of conversion is that the external field under study acts on the refractive
index of the lightguide or its geometric length L is subject to such action. The optical radiation
propagating in the lightguide by the oscillations being studied is modulated. Standing out in this
category of devices arc pressure sensors , based on a twin-wave Mach-Zender interferometer,
in which W-lightguides are the reference and measuring arms capable of maintaining the
polarization of the coherent radiation propagating in them. The length of those interferometer
arms does not exceed coherence length of the laser used. One promising method of recording
the oscillations is to modulate the phase of the light wave propagating in the measuring W-
lightguide. Further improvement ot the measuring systems is aimed at increasing the sensitivity
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by stabilizing the radiation field of the sensor (radiation emitted from the W-lightguidc). The
wavefront of the radiation emitted from the W -lightguide is modulated by the statistical
parameters of the laser radiation because of re-reflection from the ends of the W-lightguides, re-
reflections from the optical matching devices, etc. Because of this as well as the methods of
processing the interference pattern of the sensor (recording the phase changes in the
measuring channel), the sensor radiation can he kept stationary if first a laser diode with a
distributed feedback is used to feed radiation into the W-lightguide and the end of W-lightguide
is used as one of the laser cavity mirrors. An effective way of recording small phase changes in
the structure of the field (interference pattern), propagating in the given W-lightguide under
pressure is based on calculation of the function of the correlation of the oscillating processes in
two channels . That method eliminates irregular waves (noise) and retains the original signal
shape. Taking the above into account, we studied a two-component two-channel interference
fiberoptic seismic sensor (FPS) o based on a W-lightguide. For the radiation source we used a
distributed feedback laser diode LDRU-ROS (henceforth LD), with the end ot the W-lightguide
as one resonator mirror. The LD is used because its design is simple and reliable, compared to
the distributed feedback lasers. We consider the design, method of processing the FPS signal,
and the results of research, as well as optimization of the parameters of the FPS components
and units that determine its sensitivity. Figure I shows the diagram of a FPS, which incorporates
a sensing element and a system for processing the FPS signal. The sensing element is based
on a two-component twin-wave Mach-Zendcr interferometer, with W-lightguides as the
reference and measuring arms 3 and 4, which can maintain the polarization of the radiation
propagating in them and have minimal losses at bends and microbends. The difference of the
interferometer arm lengths is less than the LD coherence length. The diode radiation is fed into
the interferometer and the ends of the W-lightguidc are placed tightly parallel to each other. One
interference fringe is observed in the tar field 5 because the LD laser is used. When other types
of semiconductor injection lasers with distributed feedback are used, the radiation field consists
of several fringes. Fig. I. Diagram of a FPS incorporating a sensing element I and a signal
processor II: 1) LDRU-ROS laser: 2) measuring channels based on a W-lightguide; 3) reference
channel based on a W-lightguide: 4) cylindrical coil: 5) interference pattern: 6) lenses: 7)
photodiodes: 8) F-38 measuring-computing system with recording equipment.

The laser diode shown in Fig. 2 operates arc follows: the laser diode resonator mirror 1
closest to the W -lightguide and the entry and exit microlenses receive illumination having a
wavelength l.. The LD radiation is coUimated by the entry microlens 2, then passes through the
polarization-interference filter 3. The filter is at an angle to the optic axis of the laser diode so
that the radiation that docs not pass through the filter would not he incident on the active region
of the emitter. The filter passband is 2.5.10-8 cm for the wavelength. The emerging radiation is
focused on the reflecting structure, which is deposited on the end surface of the W-lightguide.
with allowance tor the geometric dimensions of the W-lightguide core. The coefficient of the
reflecting structure for the wavelength l is about 60%. Generation at one longitudinal mode of
the laser occurs on the basis of the nonius effect described in . The laser radiation is fed into the
W-lightguide withou t using additional optical focusing systems. An ILPN laser diode, mounted
on a radiator, was used as the laser chip. The radiator ensures temperature stabilization of the
laser chip. The investigations were carried out at room temperature. The measured parameters
of the LD laser for relative pumping current fluctuations of no more than 10 –5 were as follows:
lasing threshold I thr= 85 mA, spectral region of radiation 1.3 mm, coherence length no less
than 3 m. and frequency deviation 1.5 GHz/mA. The procedures for measuring the LD laser
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parameters are described in . For the selector we used an interference-polarization titter with a
passband of 2.5-10-8 cm and a dispersion of less than 100 .10-8 cm (the laser diode gain line
is less than 100 10-8 cm).The extemal resonator of the LD laser is less than 30mm long. The
diameters of the microlenses range from 50 10-6 m to 2 mm. The reflective coating on the end
of the W-lightguide consists of sequentially deposited alternating layers of the dielectrics ZnS,
MgFi, NaAIF. The use of an LD laser, therefore, stabilizes the FPS radiation Held and increases
the efficiency of laser radiation injection into the W-lightguide since no additional focusing
elements arc required. We studied the influence of the power supply instability (PSI) on the
laser intensity fluctuation (LIF) U t of the LD laser in the frequency range from 0.5 Hz to 0.5 kHz.
in the experiment, the cross-correlation coefficient K &#1092; of the function expressed in terms
of the fluctuations of the PSI and LIF signals was close to zero for relative PSIs no greater that
10 .10 –5 .The PSI was checked with a V7-38 voltmeter. The correlation signal (correlation
coefficient) was determined from the spectral power density, constructed with the aid of the
cross-correlation function of the PSI and HF Ut . The correlation function was plotted on the
basis of a two-channel system using an F-3H unit with a recorder and aYa4S-75/l amplifier. With
low-frequency supply circuits, the principal sources of HF arc physical processes that occur in
the active layer of the LD laser and characterize it as a quantum device. We experimentally
investigated the LIF U&#1092; caused by processes occurrin g in the active layer of the LD
laser in the frequency range from 0.5 Hz to 0.5 kHz. This was done using the F-38 unit and
Ya4S-75/l amplifier. Figure 3 shows the curves of the frequency dependence of the spectral
density of the power fluctuations Z,ot of the LIF Ut : curves 1-3 are for LD laser currents of
85,105, and 115 mA, respectively, and curve 4 is for a FD-24k photodiode under background
illumination.

Fig. 2. Diagram of LDRU-ROS lascr: 1) packageless laser diode: 2) microlens; 3) selector,4)
end of W-Lightguide.
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Progress on the Global Photonics Education Network (GPEN)

Marc Nantel

Photonics Research Ontario (a Division of OCE Inc), Toronto, Ontario, Canada

Abstract
Since ETOP 2001, the Global Photonics Education Network (GPEN) has slowly formed and
built momentum. With its growing number of members, its list-serv email address and a new
webpage, the GPEN is gathering the critical mass needed to become a useful tool for photonics
educators worldwide. This paper will recap the evolution of the GPEN so far, present its current
state (including the webpage), emphasize the role of "clusters" for its health and suggest the
next steps to take to firmly establish it as an essential part of the photonics education and
training community.

Keywords
photonics, education, training, networking, global, cluster

Summary
Introduction
An educator in photonics has a question about curriculum development, about the way to best
convey a particular concept (in lectures or in the lab), about which book to use for a new course
to mount or a continuing one just taken over. Where does one start? With the people one
knows, those in the department or collaborators from other institutions. If this doesn't provide
the information needed, one can follow it up with a web-search and a literature search. This
progression can be somewhat limiting, time-consuming and tedious. Information is important,
but knowing where to get it and actually having a dialogue with the source of this information is
even more important. What if one could tap into a large reservoir of knowledge and experience
in one's field just by sending an email? This could certainly be useful.

Networking is done at many levels, in many fields. A "network" according to the meaning here
is a web of interconnected people sharing an interest in the success of a particular enterprise.
Photonics educators can benefit from being better connected to each others, not just to
information. These connections should happen through all levels (from grade school to grad
school). Continuing education and science & technology outreach should be included, as well
as funding agencies, industry and any player with a stake in the success of physics education
as a whole. It helps for these connections to have a particular subject or emphasis in common
to focus the motivations of the various participants.1 This paper presents the progress of the
Global Photonics Education Network that first formed as a result of a discussion at ETOP 2001
in Singapore.

Birth of the Global Photonics Education Network (GPEN)
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As part of the Education and Training in Optics and Photonics (ETOP) conference held in
Singapore in November 2001, a panel discussion entitled "Global Networking to Promote Local
Technician Education –Problems and Solutions" was held. Members from 9 countries
exchanged view on the subject and agreed to form a global network to address local issues in
photonics education and training. This led to the creation of the Global Photonics Education
Network (GPEN), an example of networking on a worldwide scale. The Panel generated a
report that was published in the ETOP 2001 proceedings and generated the recommendations2,
including setting up a global network for educators (done: the GPEN), involve new members
from clusters worldwide (in progress), and conduct surveys of various needs with the help of the
professional societies and the clusters (still in the future). Since the Panel, a discussion forum
was graciously provided by SPIE on their webpage (http://spie.org/app/forums/, and then
"Technician Education") and a list-serv email address was established to facilitate exchanges
between GPEN enthusiasts. A GPEN draft plan was written and suggests a possible way to go
for the Network, and it was discussed at several international meetings. The plan is available
on the SPIE discussion forum or through the author.

Importance of "clusters" for the GPEN
One recurring theme from the first Roundtable Panel discussion and subsequent exchanges
dealt with the crucial role clusters could take in the formation and operation of the GPEN. It
seems clear that a well organized Global Network in photonics education would be most useful
if it can facilitate the access to all the diversity of global best practices to the local educational
leaders explicitly interested in strengthening the business base of the local photonics industry
clusters. Because of the inherently local nature of industry clusters, the GPEN, by virtue of its
vision of providing the global photonics education infrastructure, could be the facilitator to build a
"cluster of clusters", or a "supercluster", to borrow a term from our colleagues in astronomy.
The establishment of a local cluster requires some critical mass of industry and academic
institutions interested in photonics and the dedication of a few individuals to organized and
maintain it. This means that the GPEN should inspire academics, industry engineers and
scientists to participate in GPEN activities that promote their local interests through their local or
international societies. By promoting excellence in local technical and advanced education, by
providing easy access to sharing global best practices, the GPEN will naturally facilitate the start
and growth of local photonics industry clusters. The GPEN can provide useful resources to new
and existing local chapters of SPIE, OSA, IEEE, etc., which, in turn, nurture local industry
clusters. However, more focused organizations designed specifically to promote local photonics
education for the specific purpose of accelerating the growth of local photonics industry would
be an important approach for many countries. One should note that most of the original
participants of the 2001 Roundtable meeting are local education leaders and are involved in
organizing and promoting photonics education in many new ways to reach out beyond the
needs of their immediate institutions.

Vision and Mission
The draft Vision and Mission for the Global Photonics Education Network are outlined below.
They are not written in stone and are subject to change. Partly, this is because it should be the
membership who sets them and this is slowly building. First, establish communications links,
then populate them with interested parties, set up a loose governance structure and THEN
proceed to lay down the organizational principles on which the GPEN will rest. The Vision and
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Mission statements, as well as goals and deliverables, are best set by the people who will
populate the network, not just the few who are keeping it greased and in working order.

Vision: The Global Photonics Education Network (GPEN) will endeavour to support the
implementation and enhancement of optics/photonics education and training programs
worldwide by enabling support networks among educators, industry and government.

The GPEN will achieve its Vision through following its five Mission statements:

1. Facilitate the development of local photonics education clusters in support of GPEN
and of local photonics educators;

2. Provide a networking opportunity for photonics educator with their colleagues from
around the world;

3. Facilitate the free exchange and circulation globally of curriculum ideas, standards,
aids and experiments;

4. Promote the spread of distance education in photonics (web-based or otherwise) to
bring photonics education to all areas of the world, including to those below the
critical mass to mount their own programs;

5. Facilitate the formation of a united voice for the global photonics education community
out of the locally diverse needs at different levels.

Going forward
With these bases set in place, the next important steps to take are to recruit and involve the
membership in the GPEN, to breathe life into it and make it a useful tool for educators
worldwide. It is difficult to make a project like this move forward at the beginning partly because
the GPEN is so diffuse, and partly because little happens unless it is featured at the top of
someone's list of priority. That has certainly been the case for the GPEN since 2003. Similarly,
at ETOP 2003 in Tucson, AZ (USA), a call for action for a webpage that could serve as a
resource was made by Alexander Sawchuk (Chair of the International Commission for Optics'
Education Committee)3 but it is unclear what has been accomplished to date. With proper
coordination and with everyone pulling in the same direction, serious and growing momentum
can be garnered toward advancing the cause of networking photonics educators worldwide. The
GPEN can participate in this effort and, in order to shift the process into the next gear, is
currently putting together a webpage of programs and other links in photonics education. This
webpage will be found at: www.globalphotonicseducationnetwork.org and should be live in time for
ETOP 2005 in Marseilles, France.

With an action plan, a list-serv, a website and good communications with ICO and other
international photonics associations (SPIE, OSA, IEEE,…), all will be in place to make GPEN a 
success. It will be incumbent on the membership to realize this potential.
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An Analysis of the UCF Optics Ph.D. Curriculum
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College of Optics and Photonics: CREOL & FPCE, University of Central Florida, Orlando, FL
32816-2700, USA

Abstract

Graduate degrees specializing in optics have been offered at the University of Central Florida
since 1987, with stand-alone Optics degrees being offered since 1998. In 2002, the Optics
Ph.D. core was radically changed to allow students to take the PhD qualifying examination
earlier in their studies, while still providing a broad and rigorous grounding in optics. This
involved the creation of several new courses. We describe how this new system has worked
over the first three years. We also discuss results of a study on how well typical admission
criteria such as GRE exam results, grade point average, etc. predict student performance in our
program.

Key Words

Optics, Education, Graduate Education.

Summary

1. Background

The faculty of the Center for Research and Education in Optics and Lasers (CREOL) at the
University of Central Florida (UCF) have been actively involved in Graduate education in Optics
since 1987. In the early years, students studied in Optics tracks in the Electrical Engineering
(EE) and Physics graduate programs, but in 1998, the School of Optics was formed out of the
CREOL faculty with its own graduate degree. In 2004 the School became a College, and as of
fall, 2005 over 130 graduate optics students are enrolled in its MS and PhD optics degrees.
Additionally, approximately 20 graduate students from other programs are working on theses
and dissertations with CREOL faculty as their advisors.
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Figure 1. Number of PhD graduates with dissertations supervised
by CREOL faculty for each academic year.

Since 1987, a total of 116 PhD students have graduated under CREOL faculty. The rate of
doctoral graduations per year, along with their academic degrees is charted in Fig. 1. The dip in
2002-2004 is partly due to the large number of students who elected to leave without PhDs for
jobs in industry at the peak of the telecom boom in 1999-2001. It is noticeable that since the
PhD in Optics became available in 1998, most students coming to UCF to study optics have
chosen this option over tracks in Physics or EE.

In Fig. 2, we chart the rate of graduation of MS students versus year. It can be noticed that the
same trend toward the optics MS program is seen. This is not surprising, since most of the
Optics MS degrees are non-thesis and are obtained en-rout to the PhD. Approximately 2/3 of
graduates take employment in industry while 1/3 find academic positions (including post-
doctoral positions.)

Recently, core courses and other popular graduate optics classes have been offered to students
at remote locations via streaming internet web cast. This allows for both synchronous and
asynchronous instruction and involves minimal disruption to our students on the main campus
taking live classes. Currently approximately 10% of our course enrollment is to distance
education students.
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Figure 2. Number of MS graduates versus academic year. Here Optics MS
includes both thesis and non-thesis options, but the other disciplines only
include those where the thesis was supervised by a CREOL faculty member.

2. PhD Core

Table 1: PhD Optics Core Courses
New Core Previous Core

Optical wave Propagation Optical wave Propagation

Interference, Diffraction and
Coherence

Interference, Diffraction
and Coherence

Fundamentals of Applied
Optics

Radiometry and Detection

Fundamentals of Optical
Science

Fourier Optics

Fundamentals of Photonics Geometric Optics

Optical Properties of
Materials

Electro Optics

Laser Engineering

In an effort to streamline the PhD process, in 2002, the Optics PhD core was changed
considerably. The goal was to allow students to take the crucial PhD qualifying examination
earlier, yet still maintain a broad and thorough core curriculum in Optics. The courses
developed for the new core are shown in Table 1, along with the previous core. While the new
core is shorter, it should be noted that all the important elements of the previous core are
included in the new core courses. Additionally, the overall optics course requirement of the PhD
remained at a minimum of 30 semester credit hours, so that graduates emerge from the new
system with no less training in optics. Core courses are taught twice per year to keep class
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sizes small and accommodate students who arrive in the spring. The net result of this has been
to allow top students to more rapidly commence their PhD dissertation work, while still providing
a thorough optics core and a challenging PhD qualifying exam. The added benefit is that those
who do not pass the qualifying exam are usually able to graduate with the MS degree in less
than 2 years since enrolling.

3. Usefulness of Admissions Criteria

Approximately 50% of our students are international and additionally, graduate optics students
come from diverse academic backgrounds. Hence it is often difficult to find accurate means of
assessing applicants to our graduate program. Traditionally, reliance is placed on GRE scores,
in particular, the GRE “Quantitative” (Q) score. It is therefore of interest to us to examine how
well this score predicts performance in our program. Our results in this respect are mixed. In
Table 2, we show the average, minimum and maximum quantitative scores for students who
passed the qualifying exam at the 1st attempt, at the 2nd attempt, and for those who ultimately
failed. We also show the mean core grade point average (GPA) for students in each category.
The mean scores indicate a clear correlation between the Q score and success in our program,
but the max and min Q scores indicate the difficulty with using these scores as absolute
admission criteria.

Table 2
Mean
GRE Q
score

Max GRE
Q score

Min GRE
Q-score

GPA
(4.0
scale)

Passed Qual 1st

time 752 800 620 3.7

Passed Qual 2nd

time 722 800 640 3.4

Failed Qual
Exam 714 790 620 3.1

Another measure of performance in the program is the time taken for a student to graduate. As
seen in Fig. 3, those scoring over 760 show somewhat shorter times to graduate than those with
lower scores. However, time-to-graduation is not a conclusive factor in determining quality.
Overall, we can conclude that the GRE quantitative score is a useful parameter in determining
an applicant’s potential for success in the PhD program, but it cannot beused in isolation to
reach an admission decision.
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4. Future Directions

In addition to our traditional graduate degrees, we are embarking on a new Photonics Track in
the UCF Electrical Engineering (EE) MS program. This is aimed at EE students who have an
interest in optics, but wish to pursue their graduate education in engineering. Currently, the
College teaches undergraduate optics courses in UCF’s Physics and EE undergraduate
programs and the possibility of a Bachelors Degree in Optics is being explored.
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Education Program for Photonics Professionals

Melanie Campbell & Donna Strickland

Abstract
The University of Waterloo, partnered with key industry players, Photonics Research Ontario
and the Ontario government, launched Ontario’s first diploma-level photonics program to re-skill
scientists and engineers. The Education Program for Photonics Professionals (EP3) offers the
basics of a university level Optics education. The next step is to provide the courses at distance.

Summary
The University of Waterloo introduced the Education Program for Photonics Professionals, or
EP3 in 2002. The curriculum of EP3 is driven by a broad-based analysis of industry’s needs, 
and tailored with the support of EP3’s Industrial Advisory Board. Currently, EP3 is a series of six 
courses; Introduction to Optics, Physical Optics, Optical Design, Radiometry and Photometry,
Lasers and Electro-optics and Optical Communications. Each course is eight weeks long,
consisting of 3 lecture hours per week along with graded homework assignments. The students
participate in a three-hour lab session during the ninth week of the course. Each course has a
mandatory, proctored final examination; students must receive a minimum mark on the
examination to pass the course. Students successfully completing each course will receive a
certificate; students successfully completing all six courses will receive a diploma from the
Faculty of Science of the University of Waterloo.
EP3 has received critical funding from the Ontario government’s Ministry of Enterprise, 
Opportunity and Innovation (MEOI) to develop the courses and laboratories, along with other
start-up costs. A number of local industries are supporting the program both through
participation in our Industrial Advisory Board and donations of equipment. Also we received
large equipment donations through our membership in, Ontario Photonics Education and
Training Association (OPETA).
Our first cohort received their diplomas May 2004. The next step is to reach a wider audience.
We are considering the different options of real time video link over the web or a self-paced
option through distribution of CD-ROMs. The challenge in offering optics courses at a distance
is the hands-on component of our courses. Almost every class includes a demonstration. Our
presentation will discuss our efforts in transforming our in-class offerings into high-level distance
education courses.
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Abstract
The demand for high-speed digital communication such as data, video, and the broadband
Internet increases, the required throughput of the modules in communications systems will also
increase. In this paper we present an instruction system, which works on the basis of a
wavelength division multiplex (WDM) system in the visible spectrum. It is specialised for the
academic training at universities to demonstrate the principles of the WDM techniques. It works
platform independent in combination with active modules in the training description, short inline
videos and interactive diagrams. The system consists of LEDs in different wavelengths using
analog and digital signals.

Keywords
Wavelength division multiplex, education in optical communications systems, WDM over POF,
POF communications systems, polymeric fiber systems

Summary
1. Introduction
The demand for high-speed digital communication such as data, video, and the broadband
Internet increases, the required throughput of the modules in communications systems will also
increase1. Fast transmitter and receiver modules are basic elements of these systems, which
should be able to transmit terabits/s of information via the fiber. Such technologies in turn rely
strongly on advanced opto-electronically technologies, and the progress made in optical
multiplexing current transmission systems. Time division multiplex (TDM) and wavelength
division multiplex8,9 (WDM) have shown to be the most powerful transmission extension
techniques for long-haul in the last decade. The challenge for Universities and technical
colleges is to educate technicians and engineers in this new optical communications
techniques, especially in WDM applications. In the last time transmission via polymeric fibers
(POF) became standard in the automotive industry10 and in local indoor networks. The
combination of WDM with POF will broaden the horizon of low cost optical customer premises
networks11.

In this paper we present an instruction system, which works on the basis of an WDM system
in the visible spectrum. It is specialised in the training of technicians in the further education to

1T. Naito, ”One Terabit /s Transmission over 10.000km using C-Band and L-Band”, Networks and Optical Communications I,
IOS Press, pp 2-9, (2000)

8 U. Krüger, K. Krüger, R. Batchelor, U. H. P. Fischer, C. v. Helmolt, and U. Nagengast ,”Wavelength manager covering the
  EDFA band and capable of controlling hundreds of transmitters”,Proc. ECOC, Vol. 1, pp 483-486 (1994)
9 U.H.P. Fischer, "Optoelectronic Packaging”, VDE-Verlag, ISBN 380072572X (2002)
10MOST,” Media orientated system transport”, http://www.mostcooperation.com/
11 N. Weber, “Low cost optical transmission solutions for short distances”, http://www.iis.fraunhofer.de/ec/oc/index.html
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demonstrate the fundamental principles of data communication via optical fibers. Furtheron, we
extended the basic system for using in academic training at Universities. Herein, the most
important issues of the WDM optical communication techniques are implemented into an
instructional system, which works PC platform independent in combination with active modules
in the traning description, short inline videos and interactive diagrams.

2. Didactical concept and technological design
In this paper we want to introduce a new training WDM system in the visible optical range. It has
the intention to be used as an instructional system for in two training stages with ascending
complexity. The system is focused on training technicians and students in the 1st Basic level and
furthermore for higher students at Universities in the 2nd Advanced level. For both systems it is
planned to develop an interactive education software. With these software it is possible to aid
the learning process. At experiment begin the basic knowledge of the students/technicians will
be inquired. Therefore it is planned to create a database with questions for the experiment with
variations. Furthermore the experiment and the preparation of the protocoll can be performed
fully electronically. Besides it is with the help of the software possible to create interactive
diagrams to visualize and control the measurement results. Thus, the technicians/students get
an overview over the topics and have several tasks to solve, depending to the system outline.

1st Basic system: training of skilled employees and technicians
The Basic system is focused on technicians in the further education. Its structure is most simply,
because it uses WDM structure with very inexpensive equipment. As transmitters simple LED´s
in the visible optical domain are used. This simple technology guarantees an inexpensive
structure and promotes an intuitive understanding of the WDM technology by the use of signal
sources in the visible range, because humans can recognize wavelengths within the range from
450nm - 700nm directly by the eye. Modulating the transmitters is performed by varying the
current of the LEDs directly by amplitude modulation (AM). During the lab only three LED
sources ( red/660nm, green/550nm, blue/470nm) are used, which are supplemented with a
fourth LED which acts as an interference source. A general sketch of the planned structure of
the Basic/Extended instructional system is depicted in fig.1.
The optical signals are combined by a star coupler and directly modulated via the bias current
with a video signal by approx. 10MHz. The bias offset and the signal strength are the
parameters which can be varied at the LEDs at the driver circuit. The individual transmitters
must be levelled for the WDM transmission in their transmitting power within 1dB, which is to be
realized with by an optical power meter. The three video pictures are sampled with video
cameras and represented on video monitors. At the receiver Si photodiodes are used with
bandwidths of 10MHz in combination with a transimpedance amplifier. The electrical signals can
be varied in offset and strength. The degradation in signal to noise ratio can be evaluated with a
scope by variing the length of the POF cable (1-100m).

Additionally, loss measurements and coupling efficiency of POF fibers (cut and polish, plug
connection) in combination with lateral, longitudinal and angle disalignment can be performed
by implementing a micrometer stage.

Tasks for the Basic system:
 PI-curve of several transmitters
 attenuation of different fiber lengths and wavelength
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 bandwidth and S-parameter
 influence of EM-fields
 influences of disalignments with the help of a micrometer stage
 signal quality of a video transmission over several fiber lengths and the influence of

offset and amplification
 WDM transmission with video signals

2nd Advanced system: training of university students
The Advanced system is focused on students education at universities. In this module the digital
transmission is added to the analog part. Because of the low modulation bandwidth of LEDs,
Fabry-Perot diode lasers (LD) are used. The optical signals of the three LDs are combined by a
star coupler and directly modulated via the bias current by a bit error tester (BERT) to 155Mbit/s
and digital amplitude modulation (NRZ, ASK/PCM). With this set-up all laboratory exercises for
optical WDM-transmission can be performed as influence of attenuation, dispersion, optical
bandwith, and wavelength shift to any type of transmitted data. In combination with the self
developed BERT the eye digramm measurement and bit error rate tests can be performed. In
POF the mode dispersion is the relevant dispersion type which limits the transmission length.
The influence of the mode dispersion must be analysed both by experiment and by simulation
using standard software PHOTOSS12. Spectroscopical detection of the emission of the LDs,
their thermal drift behaviour and the filter characteristics of the MUX/DEMUX can be performed
using simple spectrometers with a resolution of 1nm (e.g. Newport model OSM-400).

Tasks for the advanced system:
 PI-curve of several transmitters
 attenuation of different fiber lenghts
 bandwidth and S-parameter
 influence of electro-magnetic-fields (EM-fields)
 influences of disalignments by a micrometer stage
 digital transmission

o bit error rate in dependency on fiber lenghts
o testing the signal qulaity with an oscilloscope

 WDM transmission with digital signals

12 Simulation software package PHOTOSS: http://www.lenge.de/english/PHOTOSS_overview.php
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Fig.1 BASIC WDM-lab-training system on the basis of transmission via polymer optical fibers in
the visible spectrum

3. The transmitter
To convert the electrical into optical signals, which are needed for the transmission, three LEDs
(blue@470nm, green@530nm, red@660nm) are used. This represents a cheap solution for the
transmitter, because LEDs in this wavelength range are broad available. For analog
transmission LEDs with a high linearity are required, to avoid nonlinear distortions.
The input signal will be adapted by a high-ohmic operational amplifier circuit. This voltage
amplification is adjustable to adapt different signals to the following circuit. Thus the
students/technicians have the possibility to test these influences on the transmission.
A DC offset voltage can be applied, which is also adjustable by a high resolution potentiometer.
Another part of the transmitter circuit is a voltage-current-converter, which is applied for the
modulation of the LED current. The principle is depicted in fig 2. The data to be transmitted is
modulating the optical signal.
This driver circuit is especially adapted to transmit video signals. To generate corresponding

input signals there are different possibilities, e.g. a video camera or a test pattern generater can

be used. The transmission results can be displayed and judged qualitatively by a monitor on the

receiver site. Of course, other types of signals can be transmitted by this system, e.g. a signal

generator can be connected and used for transmission of sinus signals. The bandwidth of the

transmitter is more than 40MHz for a distance of 20m. With a transmission length of 50m a
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bandwidth of 35MHz was measured. These results fairly agree with the simulation of the

transmission circuit. The bandwidth limitation is resulted by the used operational amplifiers.
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Fig.2 a) modulation of the LEDs b) PI curves of the used LEDs

Presently transmitters for a digital transmission are tested. These modules will also be
integrated in the instruction system.

Fig.3 LED driver circuit Fig.4 block diagram bit error
rate measurement

The transmitter offers a variety of adjustable settings. By working with different parameters the
students/technicians can see the influence on the transmission very vivid.

4. The Receiver
Receivers are responsible in the teaching system for the transformation of optical signals into
electrical signals. The three receivers the multiplexed signals will be seperated into individual
signals and adapted to the original signal form. The signal separation into the three original
signals red, green and blue takes place via demultiplexing. The DEMUX consist of splitter and
chromatic filter. The light is splitted into three rays by two cascading one-to-two toslink13

splitters. The signal separation takes place via three different chromatic filters, which are directly
attached in front of the photodiodes. The receiver technology within the visible range consists of
Si pin photodiodes. This kind of photodiode consists of p-type, intrinsic type and n-type
semiconductors. The photodiode converts the optical signals by photon-induced pair production

13 www.toslink.de
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into a current. The current is typically in the range of some milliamperes and is transferred into
voltage by the following circuit. The appropriate circuit is a two-stage amplifier circuit. The first
level is an inverting transimpedance, which is dissipating the current into a voltage. The second
level is an inverting amplifier, where amplification and offset are adjustable. Thus the students
can change the output signals within certain ranges. The gain can be changed up to 13dB and
the offset can be changed from negative and positve voltage. By those changes of the system
parameters the students are able to obtain the educational objectives because of changing the
signal strength and position by themselves.The receivers are developed for analog or digital
transmission. For the evaluation of the transmitted signals different devices can be used e.g.
network analyzers, oscilloscopes or even television sets or monitors.

5. Bit error rate measuring system
Bit error rate testers (BERTs) are predominantly complete units, which can perform a high
number of operations. For teaching systems, where the attention is on instructional contents,
such devices are only ultilizable with difficulties and very high initial costs. The BERT developed
for the teaching system is customized for that use and is the low-budget version of a
conventional error rate tester. The developed error rate tester consists of three major
components, an error rate tester for error rate measurement, a microcontroller for controlling
the measuring device and a display for manual control by the operator. In order to examine a
digital transmission circuit, the exit of the error rate measuring device is connected with the
transmitter and the entrance is connected with the receiver of the transmission circuit, depicted
in fig.4.
The transmission frequency used can be either external (max. 155MHz) or internal (40MHz). In
order to use an external transmission frequency, a frequency generator has to be attached to
the entrance "transmission frequency". The measuring device is controlled via a
microcontroller from the 8051 series, the 80C552. This µ-controller also calculates the error rate
after the measurement by the DS2174. The measurement device is operated via a menu on
the display. The selection in this menu takes place via a scroll key and an enter key. Before the
measuring process can be started, the pattern and the transmission frequency
(external/internal) must be selected. The error rate tester (DS2174)14 allows the selection of
coincidental bit-patterns up to a length of 232-1 and self-programmed repetitive patterns up to a
length of 512 bytes. In the error rate measuring position, only three patterns can be selected via
the display. In the next step, the selected pattern is transferred by means of transmitters on the
transmission circuit and can be evaluated at the receiver by the error rate tester. During this
evaluation, the sent and received patterns are compared and the bit errors are counted. With
this data, the error rate can be calculated by the microcontroller computer 80C552 using Equ.
(1)

bitsreceivedofnumber
bitsfaultyofnumber

BER  (1)

An important prerequisite for a meaningful measurement is the synchronisation of the output
and input port. At the end of each measurement, the result with the pertinent pattern, the
number off errors and the BER (Bit error rate) is shown on the display. Bit error rates up to 10-7

can be measured with this system.

6. Instruction System

14 www.maxim-ic.com
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The first prototype consists of three transmitters and receivers. This system, depicted in fig 3, is
able to transmit three analog FBAS15-video signals or digital signals up to 10MBit/s. The light of
the three transmitters are combined via three conventional mechanically fabricated star couplers
4:1 (DieMount16).
To simulate a connector link or a splice, the light is guided via a micrometer stage. Thus, the
technichians/students are able to test the influence of lateral, longitudinal and angle
disalignments. To separate the signals TOSLINK17 couplers are used. The insertion loss of this
couplers are relatively high.

Coupler/insertion
loss(dB)

1:2 1:4

TOSLINK 10,5 0,9 17,8 0,8
DieMount 5,5 1 9,2 0,6

Table 1 insertion loss of the used couplers

The signal separation is performed by red, green and blue colour filters. The absorption of this
filters is relatively high, the absorbtion spectra of the green and red filters is depicted in fig.5.
The values are shown in table 2.

Fig.5 Absorbtion spectra of the red and green filter foil in comparison with the emitted LED
power

Filter foil
/insertion loss(dB)

green LED red LED

red filter 25,4 0,7
green filter 3,5 26,8

Table 2 Attenuation of red and green filters

15Krisch, L.: „Fersehtechnik: Grundlagen, Verfahren, Systeme“, Verlag Vieweg, Braunschweig/Wiesbaden 1993
16 www.diemount.com
17 www.toslink.de
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Fig.6 Photograph of the prototype

This training system prototype was presented at an University campus exhibition in
Magdeburg/Germany18 in July this year (fig.6).
It consists of following parts:

1. video inputs (BNC)
2. regulators for signal amplification, offset and modulation
3. optical outputs (TOSLINK connectors)
4. 1mm SI-POF, pure fiber core without any cladding to make the colours visible
5. DieMount star couplers
6. micrometer stage (x, z and angle)
7. TOSLINK star coupler
8. 1mm SI-POF
9. optical inputs (TOSLINK connectors) with colour filters
10. regulators for amplification and offset
11. electrical outputs (BNC)

The bandwidth of the complete system (transmitter, transmission link over 20m and receiver) is
about 8MHz, depicted in fig.7. These value is only limited by the receiver. The total attenuation
of the system is approximately 38dB.

18 www.sat2005.magdeburg.de
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Fig.7 S21 with 20m POF

A further development of single modules for higher modulation frequencies / bit rates are shown

in fig.8. For these modules, the circuit and its layout are optimized, respectively. By the use of

these modular set-up it is possible to create a modular system for individual applications. The

basic system will also consist of three transmitters and receivers with red, green and blue WDM-

signals.

a) b)

Fig.8 Transmitter modules a) analog, b) digital

Right now a module is developed and tested for transmitting digital signals. It will have the same
design like the analog module shown in fig.8. With these new analog transmitter modules
bandwidths up to 65MHz are obtained. Thus, it will be possible to combine the transmissions of
analog and digital signals via one fiber simultanously.
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To reduce the high system attenuation, the next development step will be the design of
integrated optical devices for the multiplexing and demultiplexing of the WDM signals. The most
important challenge is the development of simple integrated optical MUX/DEMUX
(de/multiplexer) for combining/separating the wavelengths using the WDM technology. These
devices are designed to transmit up to 8 WDM channels simultaneously. These components are
presently patent pending.

7. Summary
In this work we present a new WDM training system for technicians and students at universities.
The system consists of three LED transmitters in red, blue and green color wavelength. The
system can transmit and test either analog video signals or digital signals which are AM or ASK
modulated as well as PCM data. With this setup all laboratory exercises for optical WDM-
transmission can be performed as influence of attenuation, dispersion, optical bandwith, and
wavelength shift to any type of transmitted data. In combination with the self developed BERT
the eye diagramm measurement and bit error rate tests can be performed. Spectroscopical
detection of the emission of the LEDs and the filter characteristics of the MUX/DEMUX can be
performed using simple spectrometers. Additionally, loss measurements of POF fibers (cut and
polish, plug connection) in combination with lateral, longitudinal and angle disalignment can be
performed.
The education system here presented, opens easily the new world of the optical transmission to
students/technicians, especially for the WDM technology. The context between emitted power,
attenuation etc. can be demonstrated. One of the outstanding advantages of this system is the
operation with visible light. In combination with the education software this system is a fine tool
for agile teaching.
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Abstract

The Physics and Optical Engineering department at Rose-Hulman Institute of Technology offers
three degrees at the undergraduate level; physics, optical engineering, and engineering physics.
The department recently transitioned a science-based applied optics degree into a B.S (Optical
Engineering) degree. With this transition we began the process of seeking accreditation for the
optical engineering program through the Accreditation Board of Engineering and Technology
(ABET). This paper describes several assessment components of the accreditation process
which includes a detailed curriculum mapping exercise to meet engineering standards. We
discuss the overall outcome based optical engineering education.

Summary
1. Background
Rose-Hulman Institute of Technology is an undergraduate science and engineering institution
although we have an active master’s level graduate program in many areas. The Department of
Physics and Optical Engineering offers a B. S. degree in Optical Engineering, B. S. degree in
Engineering Physics, B. S. degree in Physics, and a M. S. degree in Optical Engineering. The
optics program at Rose-Hulman was initiated in 1983, and realizing the importance of optical
measurement and testing, courses such as Optical Instrumentation as well as testing and Fiber
Optics and Application were incorporated. These courses address some aspects of
measurement and testing. However, to enrich the Applied Optics curriculum, many new
courses have been introduced such as: Applied Optics Projects Lab I, Applied Optics Projects
Lab II, Optical Metrology, Semiconductor Materials, and Micro-sensors. Further, certificates in
semiconductor materials and devices as well as image processing enables the student to
expand their background by studying these diverse topics.

The multidisciplinary field of optics in the undergraduate curriculum is facing
revolutionary changes, as optical techniques become the standard tools for industrial inspection
and as optical components become standard items in consumer products. As educators, we are
faced with a task of designing a curriculum to meet the growing needs of the market trend. This
requires the need to improve the curriculum from the traditional science course sequence and
match the need for more applied and engineering nature of the courses. With this transition we
initiated the process of seeking accreditation for this optical engineering program through the
Accreditation Board of Engineering and Technology (ABET). Presently the University of
Alabama and University of Arizona are the only two schools that have ABET accredited
programs in optical engineering. The intent of the optical engineering program at Rose-Hulman
is to prepare students for the practice of engineering at a professional level. This program is not
intended as a supporting role in optical engineering but provides the basic practices of optical
engineering supported by a strong group of faculty expertise in the area.
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This paper describes one assessment component of the accreditation process called
curriculum mapping. This mapping is used to determine how well the contents of our courses
match the overall educational and learning outcome of our program.

2. Educational outcomes and objectives
Optics education in the undergraduate curriculum is multidisciplinary and involves a strong
engineering aspect. Curriculum changes should focus, among others, on the overall outcome,
which force educators to charter the delivery of the subject information at the appropriate time in
the course sequence. We are faced with the task of designing a curriculum to meet not only the
growing needs of market trend but also to make the students learn the essentials. Students
need to gain knowledge in a broad range of fields from pure physics to almost every discipline
of engineering but appropriately staggered by designing courses that have specific outcomes.
This should not essentially be focused on the methodology of teaching but on a broader level of
evenly distributed but reinforced learning styles for the students. This task is significantly difficult
in the optics curriculum because optics courses are usually a blend of new technology,
engineering and physics. At Rose-Hulman, this concept has geared us to evaluate the
traditional course sequence in courses with laboratory in terms of information content and
student outcomes. Overall, laboratory experiments are designed to reinforce concepts for
understanding the basic scientific ideas of a particular course along with the necessary
experimental skills. RHIT’s optics program has evolved gradually to mix the two worlds with the 
introduction of project-based courses that awaken the scientific curiosity as well as the
engineering creativity. There has also been a focus to enable the students to employ their optics
and scientific knowledge to build products as well. We have been in a process of constantly
restructuring the program to meet the challenges of tomorrow by carefully assessing the needs
of the students, the engineering community and the market place.

The OE program educational subcategorized goals/outcomes are:

Goal A: Knowledge of the Fundamentals: An understanding of the fundamentals of science and
engineering

Outcome A.1: Demonstrate competency in calculus, basic physics and general
chemistry.

Outcome A.2: Demonstrate competency in basic engineering science topics with
common themes among engineering disciplines.

Outcome A.3: Demonstrate competency in optical engineering topics, i.e.,
A.3.1. In the sciences, fundamentals of optics
A.3.2. Optical material, devices, sources, and systems
A.3.3. Advanced topics in optics leading to the application with basic principles
A.3.4. Systems level understanding of optics
A.3.5. Modeling of light propagations through systems
A.3.6. Physical principles of light and how they interact with matter
A.3.7. Application of optics to measurement
A.3.8. Optics as enabling technology
A.3.9. Optical technologies leading to experiments in optics
A.3.10. Appropriate modern experimental and computing techniques in optics

Goal B1: Interpreting Data: Ability to interpret graphical, numerical, and textual data.
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Outcome B1.1: Be able to recognize the necessity to use graphical and numerical
analysis

Outcome B1.2: Select appropriate, self-explanatory graph formats for data.
Outcome B1.3: Summarize the graphical, numerical, and textual information in memos

and reports.
Outcome B1.4: Use appropriate statistical and analytical procedures to interpret the

results.
Outcome B1.5: Extract trends and demonstrate their importance from numerical data,

graphs, and text.

Goal B2: System Level Modeling: Ability to model components and system optical
engineering problems.

Outcome B2.1: Define the system and variables involved.
Outcome B2.2: Develop the appropriate boundaries and equations.
Outcome B2.3: Set up the system of equations and find a reasonable solution.
Outcome B2.4: Do a parametric study where appropriate, tabulate and plot the results.
Outcome B2.5: Be able to recognize the limitations of the system
Outcome B2.6: Demonstrate the ability to use appropriate software tools for modeling.

(eg. Code V, Zemax, Matlab)

Goal B3: Experimentation: Ability to design and conduct experiments to understand the
relationships between variables in a problem which may or may not have been
mathematically modeled before.

Outcome B3.1: Identify the problem.
Outcome B3.2: Develop a hypothesis.
Outcome B3.3: Determine what data needs to be collected.
Outcome B3.4: Select appropriate measurement techniques to collect the data.
Outcome B3.5: Demonstrate the ability to use the tools for measurement.
Outcome B3.6: Determine and/or estimate experimental uncertainties.
Outcome B3.7: Collect and document the data.
Outcome B3.8: Analyze the data.
Outcome B3.9: Draw conclusions.

Goal C: Design: Ability to design a product or process to satisfy client's needs subject to
constraints

Outcome C.1: Elicit the customer needs and constraints. Recognize that several viable
processes and procedures are almost always possible.

Outcome C.2: Break down the system or process to its fundamental elements and
components.

Outcome C.3: Carry out an initial study of the process structure and economics using
appropriate tools.

Outcome C.4: Carry out a conceptual process design using appropriate tools. Use
computational tools to perform studies of the design developed.
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Outcome C.5: Demonstrate an ability to incorporate economic analysis and cost issues
in design.

Outcome C.6: Demonstrate an awareness of the final steps in the completion of a design
project.

Outcome C.7: Document the project work and give an oral and formal written report.

Goal D: Team work and Deliverables: Ability to work in multi-disciplinary teams and to
understand the effective team dynamics and be able to deliver a product.

Outcome D.1: Share responsibilities and duties in the team
Outcome D.2: Understand the importance of different areas of expertise
Outcome D.3: Understand the importance of the various components of the project
Outcome D.4: Setting milestones for the project
Outcome D.5: Take on different roles when applicable.
Outcome D.6: Analyze ideas objectively.
Outcome D.7: Discern feasible solutions.
Outcome D.8: Develop a strategy for action.
Outcome D.9: Be able to meet outcome on schedule
Outcome D.10: Be able to document work.
Outcome D.11: Build consensus.

Goal E: Problem Solving: Ability to apply relevant scientific and engineering principles
to solve real world optical engineering problems.

Outcome E.1: Identify, inspect and define the problem.
Outcome E.2: Understand the basic principles and fundamental concepts for solving the

problem
Outcome E.3: Research and gather information.
Outcome E.4: Use correct data and choose appropriate tools to prepare solutions that

reflect problem complexity with requested and required detail.
Outcome E.5: Make appropriate assumptions and use judgment to understand their

effects on the solution.
Outcome E.6: Determine the magnitude and significance of the errors involved.
Outcome E.7: Design experiments to learn the concept.
Outcome E.8: Demonstrate an awareness of the open-ended nature of real world

problems and the multiplicity of solutions.
Outcome E.9: Develop criteria for evaluation of the proposed solutions and process of

refinement.

Goal F: Professional Practice and Ethics: A sound understanding of what an optics
professional is and have an awareness and understanding of professional ethics.

Outcome F.1: Demonstrate knowledge of the (Optical) Engineering Code of Ethics.
Outcome F.2: Evaluate the ethical dimensions of professional practice.
Outcome F.3: Practice responsible decision making.
Outcome F.4: Be prepared for professional practice after graduation.
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Goal G: Communication: Ability to communicate effectively in oral, written, and visual
forms.

Outcome G.1: Identify the technical knowledge and information needs of the audience.
Outcome G.2: Use appropriate technologies, organize and present information that

meets audience needs.
Outcome G.3: Provide technical content that is factually correct, supported with

evidence, explained with sufficient detail, and properly documented.
Outcome G.4: Determine how well ideas have been relayed.
Outcome G.5: When preparing reports and papers, submit work that is free of errors in

spelling, punctuation, grammar, and usage.

Goals H, J: Contemporary issues, non-technical issues, global awareness: An
awareness of contemporary and non-technical issues in the engineering profession and
the role of professionals in an interdependent global society.

Outcome H.1: Study humanities and social sciences topics to gain a broad enough
knowledge to form reasoned opinions on non-technical issues.

Outcome H.2: Be knowledgeable of contemporary issues related to engineering practice.
Outcome H.3: Show an awareness of the impact of technology on culture and the

environment and vice versa.
Outcome H.4: Show an awareness of diverse cultural and humanistic traditions as they

relate to engineering practice.

Goal I: Independent Learning: A facility for independent learning and continued professional
development.

Outcome I.1:Demonstrate an awareness that the solutions to open-ended problems in nature
have multiple solutions that require independent thinking and learning.

Outcome I.2:Recognize that a successful analysis of data in laboratory and design projects
requires creative and independent thinking.

Outcome I.3:Demonstrate an understanding that learning is a life long experience and they
need to find some of the answers through their own thinking and research.

The first educational outcome, the knowledge of fundamentals, relies on several
important aspects of optics where the students should have basic knowledge to be able to suit
them as optical engineers. For example, Goal A is categorized into three major outcomes on
basic science, mathematics, engineering, and foundation of optical engineering. In the
foundations of optical engineering we have 10 major divisions than students need to fulfill to
succeed as optical engineers. Each of the goals from A to I have gone through several review
with the advice of several constituencies and were tied to the RHIT and ABET learning
outcomes [1,2]. Table 1 shows how the OE program outcomes are consistent with the
requirements of ABET.
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Table 1: Correlation between OE Outcome to ABET ‘a’ through ‘k’ criteria
OE/ABET a.

Funda
mentals

b.
Experi
ment

c.
Design

d.
Teams

e.
Prob-
lems

f.
Ethics

g.
Comm
unicate

h.
Global

i. Life
long

j.
Contem
. Issues

k.
Tools

A: Knowledge of
fundamentals

B1: Interpreting Data

B2: System Level
Modeling

B3: Experimentation

C: Design

D: Team Work

E: Problem Solving

F: Ethics

G: Communications

H,J: Contemporary
Issues

I: Life Long
Learning

3. Curriculum mapping as assessment tool
In order to evaluate and assess the OE program as how well it is targeted to the outcomes set
by the department faculty, advisory board, external industrial client a departmental committee
was created and surveys completed. The main task of this committee is also to review the
criteria for optical engineering education every year. This committee looks at the assessment
results from several sources using concept inventory, RHIT e-portfolio, and curriculum mapping
to make recommendation for faculty to modify and alter subject material content and delivery.
Additionally, student end-of-the-quarter evaluations give several indications on the subject
content and delivery as well. The laboratory reports are surveyed each year by a group of
faculty to assess the overall performance of the students. There questionnaires are filled out by
faculty every year by looking at the laboratory report of students. All the OE classes have
laboratory activities associated with them and several faculty use a standard rubrics for
laboratory grading providing a consistent approach to the students.

The optical engineering curriculum is shown in Appendix A. The student needs to have a
total of 194 credits to graduate with the optical engineering degree. The courses that are bolded
are optical engineering classes where faculty members fill a departmental curriculum mapping
every quarter at the end of the class. Faculty members also write a short summary of the
improvements and difficulties in the class.

Figure 1 shows the flow chart of the review process used in the overall assessment and
refinement process for the OE program. Every quarter before the beginning of the quarter
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faculty members review the comments made by faculty in the curriculum mapping, the concept
inventory test from the class that is administered during the fist week and the ABET files from
the previous year. The curriculum committee reviews, on a bi-weekly basis, the developments in
the curriculum mapping of the department. At the end of the quarter the committee reviews the
improvements made and chooses certain goals to be assessed in order to observe if the
educational outcomes are being met. Every year in the department advisory board meeting
which consists of industrial and educational leaders make recommendations based on the
report submitted to them on the curriculum assessment. They also make recommendations on
the goals and outcomes of the OE program. During the annual departmental conclave the
recommendation of the board, the curriculum assessment data, and the faculty quarterly reports
on courses are collected and certain goals and outcomes are chosen for the following year to be
assessed. On a yearly basis, the data from concept inventory, lab assessment matrix, alumni
survey, student survey, and the course reviews are looked at to make appropriate changes for
the measurement rubrics and to make appropriate curriculum changes. On a three year cycle
the department reviews the goals and Outcome of the OE program with the trends in
technology, trends in teaching tools, and all surveys for making appropriate changes. This
process ensures that several aspects of the curriculum are in place and being assessed and
improved in a consistent and regular basis.
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Figure 1. Optical Engineering Curriculum Review and Assessment
In the process of setting up the assessment and evaluation of the OE program the first

steps taken in the department was to set-up a method of mapping all the course goals and
Outcome to the overall program goals and Outcome. To accomplish this task an Excel spread
sheet was developed where each course had a listing of all the educational Outcome of the
program and as faculty at the end of the quarter determine what outcomes were met in a
particular course they have taught. In a column to the right of the outcomes, faculty marks an ‘x’ 
meaning that that particular outcome was covered in class. Further, this is also cross checked
with the course example materials submitted. Table 2 shows part of the spread sheet used for
mapping the goals of Optical Systems OE295.

In the first trial run it was found that the OE curriculum was very strong in delivering the
fundamentals but received a poor rating on ethics and communication. Additionally, it was also
reflected from the initial trial run of the curriculum mapping a course on optical systems needed
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to be included at the end of the sophomore year to capture the ever growing demand on the
systems approach. For example in the column for OE 495 on the knowledge of fundamentals
only 10 out of the 12 outcomes were met can be seen in table 3. Additionally in communication
one can see that only one out of the possible five outcomes was being met in almost all the
classes. Upon serious review, faculty emphasis on communication in their classes has lead to
getting a better distribution of four out of the five outcomes as is evident from table 4.

Outcome A: Knowledge of the
Fundamentals
An understanding of the fundamentals of
science and engineering

O
E

495

Comments and
Refinement
Please use the shaded
box only

a
Demonstrate competency in
calculus, basic physics and general
chemistry.

X

b

Demonstrate competency in basic
engineering science topics with
common themes among engineering
disciplines.

c Demonstrate competency in optical
engineering topics, i.e., X

i in the sciences, fundamentals of
optics X

ii optical material, devices, sources,
and systems X

iii Advanced topics in optics leading to
the application with basic principles X

iv Systems level understanding of
optics X

v Modeling of light propagations
through systems

vi Physical principles of light and how
they interact with matter X

vii Application of optics to
measurement X

viii Optics as enabling technology X

ix Optical technologies leading to
experiments in optics

x appropriate modern experimental
and computing techniques in optics X

Aggregate 10

Observations/Comments
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Table 2. Example of the curriculum mapping for OE495 Optical Metrology filled in by the faculty
Additionally, in the process of redesigning the curriculum, it was realized that the students were
lacking of learning about numerical and statistical analysis. In the initial design of the curriculum
it was decided by the faculty that statistical methods would be covered in the laboratory section
of every OE class. As such almost all the courses that are OE courses are laboratory intensive.
Assuming that during the process of collecting data, that is random in nature, faculty will teach
the technique of applying appropriate statistical tools to address the randomness of the data.
Both the senior survey along with curriculum mapping showed the lack of competency gained in
this area. Consequently, the department added the course MA225 Statistical and Numerical
Methods as a required course. Furthermore, the curriculum mapping is used as a cross
checking method that ABET committee reviews every year to get a better picture of the overall
performance of students in the OE program.

Student Learning Outcomes

O
E

495

O
E

485

O
E

480

O
E

450

O
E

415

O
E

416

O
E

393

O
E

295

O
E

280

O
E

172

O
E

171

P
H

292

P
H

405

P
H

406

A: Knowledge of
Fundamentals 10 9 8 12 7 7 12 12 9 5 5 12 2 4
B1: Interpreting Data 5 5 4 5 5 5 5 5 5 5 5
B2: System Level Modeling 3 3 6 5 6 6 6 5 5 6 6
B3: Experimentation 7 7 7 7 9 9 9 7 7 7 7 7
C: Design 2 2 2 6 7 3 2 2 2
D: Team Work and
Deliverables 8 8
E: Problem Solving 6 5 3 8 9 7 5 4 3 1 1 8 8 8
F: Professional Ethics
G: Communication 1 1 1 1 5 5 1 1 1 2 2 1 1 1
H,J Contemporary issues
I: Independent Learning 3 3

Table 3: Aggregate data for the OE program in 2002-03

Student Learning Outcomes

O
E

495

O
E

485

O
E

480

O
E

450

O
E

415

O
E

416

O
E

393

O
E

295

O
E

280

O
E

172

O
E

171

P
H

292

P
H

255

P
H

405

P
H

406

A: Knowledge of
Fundamentals 10 12 10 7 7 13 11 9 6 3 9 6 9 5

B1: Interpreting Data 3 5 5 5 5 5 5 3 1 5 5 5 4
B2: System Level Modeling 6 4 6 6 6 5 5 1 1 6
B3: Experimentation 8 9 9 9 9 9 9 9 9 9 9 7
C: Design 3 1 7 7 4
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D: Team Work and
Deliverables 5 2 9 9 1 2 7 3

E: Problem Solving 2 9 9 6 9 9 7 2 4 1 7 7 9 2
F: Professional Ethics 1 1 1
G: Communication 2 4 4 4 5 5 5 2 5 4 2 2
H,J Contemporary issues 2 2 2 4
I: Independent Learning 3 3 3 3 3 3 2 3

Table 4: Aggregate data of how many times a certain outcome in the OE program was met in
2003-04

The curriculum mapping tracks the individual goals and outcomes of courses to the
overall goals and outcomes of the OE program. In the continual improvement and evolution of
the program courses were gradually introduced and modified. An example of that is the
implementation of the three quarter capstone design classes in 2004-05. Several laboratory
changes are being made to strengthen the experimentation and design aspects of the learning
of the students. A grading rubric has evolved from the early days of the Optics program and is
now used as a standard method of grading in several of the OE classes. Additionally the
problem solving ability of the student is rigorously being tested in all the classes. Upon
graduation optical engineering students must be able to know the fundamentals concepts of
optics and be able to determine its appropriate use and apply them in the area of design and
testing. Additionally, faculty improvements made during a course of a class is also captured in
the curriculum mapping. Table 5 shows mapping comments for OE415, OE393, and OE295.
The following are the list of assessment tools used in evaluating the program: faculty input,
curriculum mapping, e-portfolio, senior and junior survey, concept inventory, departmental
rating, OE departmental committee, yearly review, advisory board, alumni survey, industrial
client survey, and dashboard indicators.

Student Learning
Outcomes OE 415 OE 393 OE 295

A: Knowledge of
Fundamentals 0

Topics include
propagation of light in
fibers, fiber structures
wave fluids, fabrication,
signal degradation,
coupling, transmitters,
receivers, measurements,
sensors

Topics include MTF,
radiometry,
photometry, system
ray matrix and laser
beam propagation

B1: Interpreting
Data 0 lab component lab component to the

course
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B2: System Level
Modeling 0 communication systems 0

B3:
Experimentation 0 lab component and mini-

project
Lab component to the
course

C: Design 0 mini-project 0
D: Team Work
and Deliverables 0 0 0

E: Problem
Solving 0

homework, lab
experiments and mini-
project

0

F: Professional
Ethics

At this time, we
plan to teach
them ethics in
the modified
Design
sequence.

0 0

G:
Communication 0

lab reports and mini-
project poster and oral
report

lab reports

H,J
Contemporary
issues

0 fiber communications
impact on others 0

I: Independent
Learning 0 lab experiments and mini-

project 0

Table 5: Example of comments made in the curriculum mapping 2003-04

4. Conclusion
The optical engineering program will pursue ABET accreditation in 2006-07 academic year. This
year is the third cycle for doing curriculum mapping for the optical engineering program. The
overall benefit of the curriculum mapping has been to determine the overall educational
outcome on a snap shot for the whole program. The snap shot profile has helped identify
deficiencies and weakness of the program. For example, after the first cycle, the snap shot
profile revealed that students were not being exposed enough to Team Work and Professional
Ethics as it could not be covered in a one quarter project course. The one quarter project course
starts with a statement of work where students have to deliver a prototype in three months.
Consequently because of the stringent requirement on the deliverables, there was no time
available to teach explicitly ethics and team work even though the students were practicing it in
their work. Therefore, we decided to expand the design course to a full year sequence of three
courses where the students were explicitly exposed to analyzing the code of ethics for optical
engineers, doing a case study, and developing teaming skills. The next cycle of curriculum
mapping showed a dramatic change in these two categories strengthening the program in these
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areas. Secondly, statistical analysis of data was being taught in the labs but did not show
explicitly in the curriculum mapping. So upon reviewing the second cycle of the curriculum
mapping it was decided to introduce a new course on statistics as a requirement for graduation.
Additionally curriculum mapping also provides a continual refinement of courses as an instructor
teaches it from year to year and also provides continuity from one instructor to another.
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APPENDIX A. OPTICAL ENGINEERING CURRICULUM

FRESHMAN
Fall
MA111 Calc I 5
PH111 Physics I 4
CLSK100 College Life

1
RH131 Rhetoric &Com 4
EM104 Graph. Comm. 2
OE171 Holog & Photo 2

Total 16 or 18*
Winter
PH 112 Physics II 4
MA 112 Calculus II 5
CM 201 Eng. Chem. I 4
CS 120 Fund. of Comp. 4

Total 17
Spring
PH 113 Physics III 4
MA 113 Calculus III 5
CM 202 Eng. Chem. II 4
OE 172 Optics in Tech 2
EM103 Eng. Design 2

Total 15 or 17*

SOPHOMORE
Fall
MA223 Eng. Statistics or 4
Or SL151 Prin. of Econ
PH 235 Many-Part Phys. 4
MA 221 Diff. Eq. I 4
PH292 Physical Optics 4

Total 16
Winter
ES203 Electrical Systems4
PH 255 Fnd. of Mod Phys 4
MA 222 Diff. Eq II 4
OE280 Paraxial optics 4

Total 16
Spring

Elective 4
OE295 Optical systems 4
SL 151 Prin. of Econ or 4
MA223 Eng. Statistics
Or ECE200 Circ. & Systems 4

Total 16

JUNIOR
Fall
PH 316 Elec & Mag Fields4
HSS Elective 4
PH 405 S C Mat & Dev I 4
ECE300 Sig. & Systems 4

Total 16
Winter
OE 393 Fiber Opt & App 4

Elective 4
HSS Elective or 4
RH330 Technical Comm.
PH 406 SC Mat & Dev II 4

Total 16
Spring

Elective 4
HSS Elective 4
RH 330 Technical Comm. 4
or HSS Elective
OE450 Laser Systems 4

Total 16

SENIOR
Fall
OE 480 Lens Des&Abb 4
OE 495 Opt Metrology 4
HSS Elective 4
OE415 Opt Eng Des I 4

Total 16
Winter
OE485 Electro-Opt. & app. 4
HSS Elective 4

Eng. Elective 4
OE416 Opt Eng Des II 4

Total 16
Spring

Eng. Elective 4
HSS Elective 4
OE 417 Opt Eng Des III 4

Elective 4
Total 16
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TOTAL 194
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*Only one of OE171 or OE172 is required for graduation. If not taken during the freshmen or
sophomore year, the requirement must be replaced with a 300 or 400-level OE course of at
least 2 credits
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Abstract

As the rate of technological change accelerates, continuing education becomes more
important than ever. This talk is an account of a successful continuing professional-education
course on optical coatings. The course emphasizes understanding and is a mixture of formal
lectures and practical computing. Some of the techniques used in the course are described
along with some general observations about student capabilities and continuing education in
general.

Keywords
Continuing education, thin-film optics, short courses.

Summary

I am an educator rather than educationist. This account is based on my teaching experience
rather than the results of research into training. The opinions expressed are personal and
specifically directed towards optics and especially thin films.
Education is roughly a process of learning from experience, often someone else’s 
experience, and frequently in a structured fashion, when an instructor may play an important
role. There is also an element of developing one’s capabilities so as to achieve one’s 
potential. It is not simply a human pursuit. Animals and birds in the wild need education.
Without it they would not survive.
We tend to concentrate on education of the young as a preparation for life. Early education,
of course, is important from the point of view of survival, and also takes advantage of the
enormous capacity for learning in the very young. Much less attention is paid to education
once an individual has reached maturity. At that stage one often continues to learn simply by
experience. This makes much sense when we are dealing with a reasonably stable
environment. Nowadays, however, the environment is changing rapidly and this is especially
true of the work environment. These changes can now be so fast as to make it frequently
impossible to learn simply by experience. The problem is even worse when certain, no-
longer-required skills must be replaced by completely new ones. At least part of the answer
is a program of continuing education and it is in this area, and particularly concerning optical
coatings, that I have largely been working in recent years.
Formal education at high-school or university level is inextricably entwined with testing. Great
importance is attached to the certification of the individual as successfully educated, to the
extent that the certification can take precedence over education. The test area must be
constrained, hence the attention paid to the syllabus.
The type of instruction with which I am now involved is principally directed towards enhanced
abilities and improved confidence, and can be described as pure education. The subject is
optical coatings. The students are largely mature professionals ranging over all age groups,
with a wide range of scientific and/or engineering qualifications, the levels of which vary
enormously. They include people new to the field and workers with many years of
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experience. Their objectives range from specific to general, often to improve their
effectiveness in their present job, or to be better able to tackle some problem, to find a job, or
even just to put what they already know in perspective.
Most of our participants come from companies. Our experience is that companies will rarely
permit workers to attend courses longer than one week. We also find that one day is
proportionally less productive than multiple days. Apart from the problems of orientation it
seems that people need to sleep on the problems. Inhibitions need to be relaxed. So our
courses generally last three to five days.
Class size varies, usually lying between ten and twenty. We do, from time to time, teach
single individuals but our strong impression is that teaching a group is much more effective.
There is a very definite increased positive response from students in a group, especially if a
diverse one. We prefer not too many students from one company in one course, unless
specifically for a single company, because they usually already know each other and are less
liable to mix with others.
Reinforcement is very important. Questions during the lectures help greatly with
reinforcement and increase student confidence. Networking is encouraged and usually takes
a second day to establish effectively, another reason why we prefer multiple days. We also
find computing sessions useful as reinforcement. We believe it important that we provide
lunch on the courses. Eating lunch together encourages networking, and also gives students
the opportunity for asking general questions.
For accurate calculations we use computers and so computing is included. However, the
course emphasis is on understanding. We make sure that fundamentals are adequately
covered. We usually begin with revision of complex numbers and the complex plane and find
that even students with advanced degrees appreciate this. We explain the fundamentals of
complex harmonic waves. We make sure that the physical difference between characteristic
admittance and refractive index is understood. We work hard on sign conventions. It is of
prime importance that students should understand the computer output and be able to
assess the results critically. Is the quadrant of the phase shift correct? If not, is the input
wrong or is the program faulty? Much time is devoted to techniques that aid in understanding
and permit rough estimates. These are not tools for calculation but tools for understanding.
Improved understanding increases student confidence. We believe that our most important
achievement is the instilling of a justifiable feeling of confidence.
Students can take only so much in the way of lectures each day. We therefore break the day
into four periods of roughly equal length, two in the morning and two in the afternoon. The
first part of morning and afternoon is formal lecturing with all the interaction we can
encourage. The second parts of morning and afternoon are practical work on a computer
applying the lessons of the lectures. Here we insist on one student to each computer. We
have found computer sharing to be completely counterproductive. This is a time when
individual interaction between instructor and student can take place. There is also a degree
of networking between the students themselves and we also encourage this. Sometimes
students will use these tutorial computing sessions to ask advice about their own specific
problems. If their employer permits we encourage them to bring current problems with them
so that we can discuss them. Thin Film Center develops commercial software packages and
it is this software that we use in these tutorial sessions. But this is not in any way a selling
exercise. The software is purely a reinforcement tool that works very well.
There is no test associated with the course. Every student who attends is given a certificate.
To boost confidence further, we emphasize to each student that we are always available to
answer any questions connected with the course that might arise later. The courses appear
very successful and many attend through recommendations by earlier students. Some
organizations use our courses as part of their training program for new employees.
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The talk will include examples of some of the techniques, with general observations
concerning student capabilities and reactions, and on continuing education in general.
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A Biophotonics Course for Freshman Honors Students

Marco Molinaro and James F. Shackelford,

Center for Biophotonics Science and Technology (CBST), One Shields Avenue, University of
California, Davis, CA 95616 USA

Abstract
The National Science Foundation (NSF) funded Center for Biophotonics Science and
Technology CBST) is collaborating with the Integrated Studies Honors Program (ISHP) at
UC Davis to provide an introductory course to some of the top students in the freshman
class. The course, IST 8A (Shedding Light on Life), was offered for the first time in Spring
2004 for the 2003-2004 ISHP class. A second offering was provided in Winter 2005 for the
2004-2005 ISHP class. This course is successfully increasing the educational, research, and
training opportunities in the emerging field of biophotonics for high-achieving undergraduates
at UC Davis.

Keywords
biophotonics, photonics, education

Summary
The Integrated Studies Honors Program (ISHP) at UC Davis is the oldest residential
living/learning program in the University of California system, having been started in 1969. A
steady increase in selectivity has led to the program being a cornerstone of campus efforts to
recruit freshmen of exceptional talent. The traditional program goals are to provide excellent,
personalized teaching; to integrate course offerings in the humanities, social sciences, and
natural sciences; and to create a small residential community. These high achieving
freshmen generally continue to be high achievers throughout their career at UCD. They
graduate at a much faster pace than the general population. Also, one should note that the
gpa at graduation for UCD students averages near 3.10. For the ISHP students, the average
gpa at graduation is typically between 3.5 and 3.7. A significant fraction of each class
(typically about 25%) graduates with a gpa above 3.90. The ISHP provides a close-knit
community to a total of 114 students, the number available in the relatively new Bryan Miller
Hall in the Segundo dormitory complex. Typically, a majority of the ISHP students receive
Regents Scholarships, the most prestigious scholarships provided by the campus.

Each quarter, each ISHP freshman selects one of five different 4-unit courses under the
general label of IST 8. Each IST 8 class has been pre-approved for General Education credit
and is in the area of science/engineering (IST 8A), humanities (IST 8B), or social sciences
(IST 8C). Each IST 8 class is capped at 25 students.

In addition, all 114 students take an introductory seminar (IST 9) focusing on a specific
theme associated with assigned summer reading in the Fall Quarter. For example, the theme
for IST 9 in Fall Quarter 2004 was “Campaign 2004 and All the President’s Men” in which 
guest speakers covered the presidential campaign of 2004 and the students read Woodward
and Bernstein’s All the President’s Men. The students also take one additional small
(maximum enrollment of 15) seminar (also designated IST 9) during Winter or Spring
Quarters. These various, small seminars are on topics defined by the faculty members in
charge. The total of 14 units of IST coursework during the freshmen year represent nearly a
third of the total workload for the typical freshman.
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The ISHP also provides upper division coursework on an elective basis for those students
who went through the ISHP as freshmen. IST 190 is a seminar patterned after the Fall
Quarter offering of IST 9 and is available to any ISHP student in his or her sophomore
through senior years. IST 194 AH, BH are honors thesis courses available to ISHP students
in both their junior and senior years. An ISHP instructor oversees the student’s thesis along 
with a mentor from the student’s home department. 

The course, IST 8A (Shedding Light on Life), was patterned after the research themes of the
National Science Foundation (NSF) funded Center for Biophotonics Science and Technology
(CBST) along with the background needed to comprehend a broad definition of
biophotonics.1 The course represents a general introduction to light, lasers, biology basics,
and light/tissue interactions. Applications to diagnostics (tags), bioimaging, and therapies
are illustrated, along with discussions of genes, cancer, and bionanophotonics. To engage
the students, several experiential hands-on sessions are included with plans to expand such
offerings in the future. This expansion will include original student group research projects
involving spectroscopy of living matter and light/tissue interactions.

The introduction to the course includes an overview of the CBST and the overall Science and
Technology Center (STC) program at the National Science Foundation. The STC program
was instituted in 1987 and represented a fundamental shift in scientific funding policy in the
United States,2 viz., a move from individual principal investigators to large, multi-investigator,
multi-institutional centers. The relationship between the Center for Biophotonics Science and
Technology (CBST) for which the University of California, Davis was the lead campus and
the other STC’s is discussed by Gellman, et al.3

The individual topics within the course are referenced to the introductory textbook on
biophotonics by Paras Prasad.1 As the Prasad text is targeted to a more advanced
audience, the lectures are intended to be self contained, with the outside reading in Prasad
most beneficial for biological science and other science/engineering majors. All lectures are
prepared as PowerPoint presentations and archived for convenient access by the students.
Guest speakers from within the CBST community of scientific researchers are carefully
selected as those who give effective introductory lectures. The IST 8A instructors work with
the guest speakers to ensure that PowerPoint presentations for their talks are also archived.

The students in the class have access to a large body of archived material from the
Education Program of CBST, as well as the PowerPoint lectures from their instructors and
guest speakers. The archived material is especially useful to the students as they prepare a
required term paper worth 25% of their course grade. All of the archived material on the
Education site of the CBST web site is available to other interested educators.4 Access can
be obtained by contacting Dr. Marco Molinaro, Chief Education Officer, CBST
(mmolinaro@ucdavis.edu).

As noted by Gellman, et al.3, the annual meeting of the NSF Research Center Educators
Network (NRCEN), a gathering of educational specialists from the various STC’s and similar 
NSF-funded centers is a highly effective forum for sharing best practices for educational
programs. In that forum, we became aware that an Engineering Research Center at the
University of Illinois has a similar course to IST 8A for honors students interested in the
theme of their center (earthquakes).

Of special note about IST 8A is the fact that about half of the students are non-science
majors taking the course as a General Education elective, while the other half are science
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and engineering majors taking the course because of their specific interest in the topic of
biophotonics.

The ISHP students are selected on purely academic standards and are not a particularly
diverse group. Nonetheless, the IST 8A class has attracted a large number of female
students (67 % in the most recent class). Furthermore, the students have been active
ambassadors for CBST, with several groups going out to the predominantly Hispanic
Douglass Middle School in Woodland, California (ten miles north of Davis) and presenting
introductory biophotonics concepts to seventh and eighth grade science students. CBST
educators provide the IST 8A students with an introduction to learning theories and teaching
techniques prior to the classroom visits. Groups of students have also presented to the
general UC Davis student body and at community colleges with highly diverse student bodies
in the Sacramento area.

Each class is evaluated by a standard student survey, and we provide additional assessment
questions and surveys to the students during the quarter. Student satisfaction was high in the
first offering, and several refinements were made based on their suggestions. The
assessment of the second offering indicates that the course was even more effective in its
second year.

There are also some very positive anecdotal data from the class. For example, one female
student from the first year’s class changed her major to the biological sciences as a result of
Dr. Edie Zusman’s lecture and this past summer had an internship in Zusman’s laboratory. 
Also, the first ISHP student to be involved in CBST (and a tutor [undergraduate teaching
assistant] to the current ISHP students) has just graduated in Optical Science and
Engineering and began graduate study at Harvard in the optics field in Fall 2005.

Another student from the first year’s class is beginning the upper division honors thesis 
courses (IST 194 AH, BH) in the 2005-2006 academic year. In conclusion, we are quite
optimistic that exposing the very best undergraduates at UC Davis to CBST will provide a
number of other excellent undergraduate researchers and future biophotonics professionals.

The Center for Biophotonics Science and Technology (CBST) is funded by the National
Science Foundation and is managed by the University of California, Davis under Cooperative
Agreement No. PHY 0120999.
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Teaching (and learning) optics using interactive simulations: the JavaOptics Course

A. Carnicer, J. Andilla, J. Ferré, I. Juvells, E. Martín-Badosa, J. R. de F. Moneo, E.
Pleguezuelos, R. Tudela, S. Vallmitjana

Abstract
We present an educational resource based in an optical software package for undergraduate
students. It consists in a web based textbook with several applets for illustrating the theory
and simplify the teaching tasks in the classroom. These programs are also used as a method
for self-learning in an on-line environment. Applets are written in Java language using the
Java Network Launching Protocol (JNLP) for avoiding problems related with the use of
specific browsers or java interpreter’s versions. 

Summary
1. Introduction
Optics, as a part of physics disciplines, is a formal subject with concepts that can be difficult
to understand for undergraduate students. Since 2000, the members of the UB optical
research group, have been developing materials in electronic format for teaching theoretical,
technological and experimental concepts related with optics and photonics 1, 2. The
objective was to generate enough resources to allow students to manipulate and investigate
concepts, equations and images, before study based on the exclusive use of a textbook. The
main difficulty of our students in their learning is the understanding of theoretical concepts
related with experimental situations. As a consequence, the goal of this project is to generate
a small number of sophisticated programs that allows a student to interact with all the
significant concepts studied in an undergraduate optics course

The Java Optics Course (JOC) is an ensemble of teaching resources for Physical Optics at
university level as part of Physics studies. Some of the resources can also be used by high-
school teachers or students to illustrate and broaden knowledge on certain aspects of
physics at this teaching level. The resources may be used either in an ordinary course as
support material or as the main working tool in an on-line Internet course. The kernel of the
resources developed is a software package, designed to simulate the physics of several
optical phenomena. All the programs are freely available in the JOC website,
http://www.ub.edu/javaoptics. The applets have been programmed in java using JNLP 3
technology to assure a correct behavior of the programs with independence of the software
or operating system installed in the computer.

We have recently started to investigate the connections between the learning progress of our
students and the use of simulation programs. Information is collected by enquiring regularly
of the students’ opinion and by analyzing their answers in exams (particularly the wrong
answers). Preliminary results of the research show that concepts that are difficult to
understand (for instance: virtual image formation, reflection of waves in dielectric media,
resolution in interferometers or diffraction of light in Fresnel conditions) are more easily
acquired if the students can experiment and manipulate the concepts using these applets.

2. The software package
Some of the programs available in the course are:
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1. Optical systems. This applet shows the behavior of optical systems, such as lenses,
projectors, telescopes, etc. It includes the calculation of their characteristics (cardinal points)
and image formation, either by using paraxial optics approximation or by exact calculation. In
the latter case you can see and analyze the systems' optical aberrations.

2. Light polarization and Fresnel laws. This applet lets you study light polarization and its
reflection and refraction in isotropic media. It shows how to obtain the different polarization
states of light from the superposition of two plane waves and it studies Fresnel coefficients
for an incident wave on a surface separating two media, the first being a dielectric and the
second either a dielectric or a conductor.

3. Young's experiment. This simulation shows Young interferences resulting from the
interaction of a number of waves. When using a single extended source or two point sources,
spatial coherence can be studied as well.

4. Multiple beam interference. This applet shows multiple beam interferences from a parallel
dielectric thin film. The applet lets you study the evolution of reflection and refraction factors
when the index of refraction and the absorption of the film and the substrate are modified.
These can be constant or have a wavelength dependency.

5. Fabry-Perot interferometer. This program allows you to study the factors involved in an
experiment with a Fabry-Perot interferometer. It lets you visualize the result of the multiple-
wave interferences produced in the interferometer cavity when an extended source emitting
two extremely close wavelengths is used. In this way, the resolving power of the instrument
can be observed under different conditions. The influence of the reflection coefficient of the
interferometer inner-faces on the visibility and the resolving power can be investigated as
well.

6. Michelson interferometer. This applet lets you study the Michelson interferometer and see
the evolution of light rings as the parameters of the system are changed. The case of a point
source, which corresponds to the Twyman interferometer, is also analyzed.

7. Fresnel and Fraunhofer diffraction. This program shows the Fresnel and Fraunhofer
diffraction patterns. The applet includes some default objects such as the slit, the rectangle
and the circle, whose geometrical characteristics can be modified.

8. Fourier Optics. This simulation incorporates some image processing techniques in the
Fourier optics domain. You can compute and see the Fourier transform of an object and the
convolution between two images. You can also simulate the VanderLugt correlator (matched
filter, phase-only filter and inverse filter) and the joint transform correlator (linear or binary
joint power spectrum).

9. Colorimetry. This applet lets you study colors and their characteristic parameters, such as
dominant wavelength, purity and coordinates in the XYZ or CIE system representations. You
can obtain different colors by additive or subtractive mixing and you can also study the
changes of a filter color depending on the illuminant.

We are currently developing more simulations and several programs are in beta testing
stage. We expect that new programs, including dispersion of light in prisms, vision models,
fiber optics, propagation in anisotropic media and photometry, will be available in fall of 2005.

References
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Development of a University-Level Program in Electronic Imaging

William T. Rhodes and William E. Glenn

Abstract
Florida Atlantic University is home to what is probably the most concentrated university-
based R&D effort in the world in the area of electronic imaging. The university is now
beginning major investment in an accompanying academic program aimed at training
masters- and doctoral-level students in this important technological area. Electronic imaging
technology requires people trained in a wide variety of multi-disciplinary areas, with optics
being a major component. This paper presents in detail our current assessment of those
aspect of optics most important to students seeking professional development for R&D
positions in a rapidly growing industry.

Summary
Introduction
Florida Atlantic University (FAU), located in Boca Raton, Florida, is the home of the world-
renowned Imaging Technology Center and the NASA Research Partnership Center in
Imaging Technology. Core areas of R&D activity in this laboratory, which operates in many
regards like highly-successful industrial laboratories of the 1960s and 1970s, include ultra-
high-definition video technology, ultrasonic imaging, video displays, high-resolution digital
cameras, video compression, and related digital signal processing and other support areas.
Recent laboratory developments, funded largely by NASA and Panavision, Inc., include an
8.3 mega-pixel progressive-scan CMOS-based camera operating at 30 frames per second. A
second-generation, 12 megapixel 120-fps camera is on the way.

With this highly-successful R&D laboratory as a centerpiece, FAU is now embarking
on a major effort to develop associated academic program elements for students interested
in careers in the rapidly-growing area of electronic imaging, imaging technology, and imaging
science. The general area is quite multi-disciplinary in nature, and a well-rounded program
will include courses in high-speed digital circuit design and fabrication, digital signal
processing, digital and analog signal distribution, optics, displays and electrical and optical
properties of materials, visual and auditory perception, acoustics, and advanced electronic
imaging.

Program elements
The optics-related program elements involve considerable material for the diligent student,
as suggested by the following:

1) General course in optics: Geometrical optics, wave optics, lens aberrations, optical
system design for camera and projectors, zoom lenses, anamorphic lenses, diffraction limit
of resolution, lens field and field curvature, depth of forms, MTF of lenses and systems, film
properties, color rendition, diffraction gratings, holography, schlierin optics (single and
multiple), entendu limits, light sources, color temperature, electro-optic transducers, lasers,
LEDs, OLEDs, plasmas, phosphors, sensors (CCD, CMOS, etc.) As can be seen, although
many of the topics are typical of those found in an optical engineering course, some are
unlikely to be found outside of an electronic imaging program.

2) Displays and electrical and optical properties of material: Electron optics, thermionic
emission, field emission, liquid crystals, Bragg diffraction, space-charge limited conduction in
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fluids, transmission active-matrix displays, reflective active-matrix displays, diffractive
displays, color selection, field sequential, Beyer pattern filters, selection by diffraction,
plasma displays, electroluminescent displays, LED displays, laser scanning displays, OLED
displays, DMD displays, diffractive displays.

3) Visual and auditory perception: Sensory and neural structure of the eye-brain, sensory
and neural structure of the ear-brain, contrast sensitivity function of luminance and color,
temporal masking, spatial masking, ocular dominance columns, spatial frequency analysis
the brain does in luminance, color processing by the brain, oblique effect, Weber-Fechner
law, temporal response vs. spatial response, flicker perception, notion perception, eye
tracking, accommodation vs. age, adaptation to color and luminance, surround influence on
color perception, color and temporal response vs. brightness, binocular depth perception,
Fletcher-Munsen curves, binaural direction perception, Haas effect, hearing response vs.
age.

Thoughts on the development of courses in these areas will be shared at the meeting.
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Hands-On Optics: An Educational Initiative for Exploring Light and Color in
After-School Programs, Museums, and Hands-On Science Centers
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3SPIE–The International Society for Optical Engineering, Bellingham, Washington USA
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Abstract
Hands-On Optics (HOO) is a collaborative four-year National Science Foundation funded-
program (Principal Investigator A. Johnson) designed to create a sustainable science
education program to excite students about science by actively engaging them in optics
activities. It will reach underrepresented middle school students in after-school programs and
at hands-on science centers across the United States. The project creates and distributes
educational modules and provides professional development for educators and optics
resource volunteers.

Key Words
Optics education, reflection, telescope, laser, engineering design, problem-solving

Summary
Introduction
The Hands-On Optics (HOO) project builds on the educational efforts of two optics
professional societies and the national observatory. The project partners for HOO are SPIE–
The International Society for Optical Engineering, the Optical Society of America (OSA), and
the National Optical Astronomy Observatory. Science centers, museums, as well as the
Mathematics, Engineering, Science Achievement (MESA) programs in several states will
help disseminate the project through their extensive after-school science and math
programs. This program builds on the 2001 National Science Foundation planning grant,
“Optics Education –A Blueprint for the 21st Century”.v This planning grant was undertaken to
address the disconnect between the ubiquity of optics in everyday life and the noticeable
absence of optics education in Kindergarten through 12th grade (ages 5-17) curricula and
also its absence in informal science education.

Key project elements
NOAO has expertise in teaching optics, developing optics kits, and in science-educator
partnerships.vi,vii NOAO is designing the HOO instructional materials by creating well-tested
formal education activities on light, color, and optical technology for the informal (museum
and science center) setting. These inquiry-oriented hands-on, high-interest activities and
materials are connected to the National Science Education Standards. These activities serve
as the basis for six, three- to six-hour-long optics activity modules that will be used in
informal education programs nationally. NOAO also will train the educators, parents, and
optics professionals who will work in teams to lead the HOO activities in these informal
settings. The Hands-On Optics program is designed to be used in informal science
institutions such as museums, planetaria, science and technology centers, and other places
where free-choice learning is a central mission. This informal atmosphere encourages
exploration of science concepts, experimentation, and the free exchange of ideas in problem-
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solving. The HOO program can be used in after-school programs, in summer classes, and in
Saturday programs.

Role of optics industry professionnals
A key component of the Hands-On Optics project will be the participation of optics
professionals from the two optical societies who currently are engaged in outreach activities
and programs. Optics professionals will serve as resource agents teamed with science
center and MESA educators, a model very successfully used by the Astronomical Society of
the Pacific’s Project ASTRO.The work of the optics resource volunteer (ORV) is critical to
the program and the training necessary for photonics education collaborations has been
explored in a previous paper.viii Key elements of the model are:
–Mutual professional respect of Educators and Optics Resource Volunteers: Both are viewed
as professional equals in the their respective fields.
–Separation of roles between Educators and Optics Resource Volunteers: Educators handle
educational pedagogy and classroom/museum issues while Optics Resource Volunteers
provide background into optics, careers, and optical engineering techniques. The educator
does not need to become an optics expert and the optics expert does not need to become an
educational expert.
–The relationship between the Educator and Optics Resource Volunteer must be facilitated,
nurtured, encouraged, and supported: The Educator and Optics Resource Volunteer are
trained together to use the Hands-On Optics program and materials kits.

Description of modules
The six modules and associated challenges and contests address basic optics principles and
phenomena. Optics challenges and contests have also been created to augment the six
modules and are described in a related paper at this conference. The modules are:

Module 1: Laser Challenges
Students use the law of reflection to predict where light will reflect from multiple mirrors. The
students arrange mirrors to direct a laser beam to a target, with the laser turned off at first.
Module 2: Kaleidoscope Adventures
Students use multiple mirrors to understand reflection and to construct a kaleidoscope.
Module 3: Magnificent Magnifications
Students form images using a lens or combination of lenses. Students experiment with
concave and convex mirrors. A simple refracting telescope is constructed and tested.
Module 4: Crazy Colors and Peculiar Polarizations
Students create a test bed to measure internal stress in plastic using polarizing filters.
Students construct artwork using polarizing materials in different orientations.
Module 5: Seeing with Alien Eyes
Students conduct experiments using infrared and ultraviolet light, including experiments with
fluorescent materials. Infrared experiments utilize an infrared non-contact probe to measure
temperature. This module builds on the work in the educational activities of the Invisible
Universe GEMS guide coauthored by Pompea and sponsored by NASA.ix

Module 6: Laser Transporter
Students work with lasers in order to facilitate communicating over a beam of light. Students
study how information can be coded in order to be transmitted over a beam of light.

Module and kit philosophy
The modules are designed to be used in a playful, exploratory way in an informal science
education setting such as a museum or an after-school program. Particular attention has
been paid to making them interesting to young women, and indeed testing has verified this
approach. The module development, testing, and distribution team relies heavily on the work
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of undergraduate physics majors and science teaching majors from the University of Arizona,
which is located adjacent to the National Optical Astronomy Observatory. To date, these
students have all been female. Additional expertise has come from graduate students in the
College of Optical Sciences and from the Conceptual Astronomy and Physics Education
Research team at the University of Arizona.

The modules each consist of an overarching theme (such as simple reflection, or
communication over a beam of light) presented through a series of progressive activities
designed to build basic skills and basic conceptual knowledge. Each module has a series of
demonstrations designed to excite student interest as well as to illustrate concepts. For
example, students can demonstrate how light reflects using laser beams and mirrors
immersed in water, to make the laser beam more visible.

The successful use of each module relies on a certain level of teacher background
knowledge and comfort with the optics concepts. Background knowledge is generally
provided by the Optics Resource Volunteers. However, the teacher is expected to build his or
her background knowledge through self-study using the National Science Teachers
Association book “Light: Stop Faking It” by Bill Robertson. This book is excellent in its 
discussions of basic optics background material and basic principles about light and color.
The book is well-illustrated with diagrams and cartoons. The Hands-On Optics modules are
cross-referenced to the basic concepts described in the book. The modules are designed as
guides for the educator, but they also have worksheets for the students which can be copied
and distributed. In addition to the activity descriptions, the modules contain advice boxes for
the educator. These boxes warn of any safety considerations, areas of student difficulty, and
also help the instructor on a number of math connections that can be made to the modules.

Summary
Each module represents about 5 hours (average) of instruction for students, making the
sequence of modules a 30-hour program. In each of the six modules, we have created
“Going Further” activities that create additional time on task and for some modules we have 
created competitions that significantly increase the time a student’s spends on optics 
activities. The modules are well-aligned to the US National Science Education Standards,
National Council of Teachers of Mathematics (NCTM) Standards, and the National
Technology Education Standards. Efforts are underway to completely cross-reference the
module activities to all of these standards as well as to the different state science standards
for each state in which the modules are currently being used (Alabama, Arizona, California,
Maryland, Oregon, Tennessee, Virginia, and Washington). Although the HOO project is
primarily for informal science education, by referencing these formal education standards we
increase the reach of the project and reinforce its educational validity. Our experience is that
the program is proving to be extremely popular with teachers who use it in both informal and
formal education settings.

The Hands-On Optics Project is funded by the National Science Foundation ISE program.
NOAO is operated by the Association of Universities for Research in Astronomy (AURA), Inc.
under cooperative agreement with the National Science Foundation.
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A method for measuring two-dimensional distribution of refractive index of a material

Po-Jen Hsieh, Huei-Wen Chen, Zhi-Cheng Jian, and Der-Chin Su

Department of Photonics & Institute of Electro-Optical Engineering, National Chiao-Tun
University, 1001 Ta Hsueh Road, Hsin-Chu 30050, Taiwan, R. O. C.

Abstract
The p-polarized light beam is incident on the boundary between a right-angle prism and a test

material. When the total internal reflection occurs at the boundary, and the p-polarized light has phase
variation. It depends on the refractive index of the tested material. Firstly, the two-dimensional
distribution of phase variation of the p-polarized light at the boundary is measured by the four-step
phase shifting interferometric technique. Then, substituting the data into the special equations derived
from Fresnel equations, the two-dimensional distribution of refractive index of the tested material can
be obtained.

Keywords
total internal reflection, phase-shifting interferometry, Fresnel equations.

Summary
A ray of p-polarized light in air is incident at θt on the one side surface of a right-angle prism with
refractive index n1, as shown in Fig. 1. The light ray is refracted into the prism and it propagates
toward the base surface of the prism. At the base surface of the prism, there is a boundary between
the prism and the tested material of refractive index n2 where n1 > n2. If θi is larger than the critical
angle, the light is totally reflected at the boundary. According to Fresnel equations[1], we have
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It is obvious from Eq. (1) that n2 can be calculated with the measurement of p under the
experimental conditions in which θi and n1 are specified.

The schematic diagram of this method is shown in Fig. 2. For convenience, the +z-axis is chosen to
be along the light propagation direction and the y-axis is along the direction perpendicular to the paper
plane. A light coming from a laser light source passes though a polarizer P. If the transmission axis of P
is located at 0with relative to the x-axis, then the light becomes the p-polarized light. A spatial filter S
and a lens L collimate the light. The collimating light is incident on a beam splitter BS and divided into
two parts: the transmitted light and the reflected light. The reflected light is normally reflected by a
mirror M1driven a piezo-transducer PZT and passes through the BS. Then it enters a CCD camera.
Here it acts as the reference light in the interferometer. On the other hand, the transmitted light is
reflected by the mirrors M2 and M3, and enters a right-angle prism. After it is totally reflected at the
boundary between the prism and the tested material, it propagates out of the prism. Then, it is normally
reflected by a mirror M4 and comes back along the original path. It reflected by the BS and enters a
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CCD camera. It acts as the test light in the interferometer. The Jones vectors[2] of the reference light
and the test light can be written as

,ri
rr eaE  （3a）

and

,ti
tt eaE  （3b（

respectively, where ai and i (i= t or r) represent the amplitude and the phase. The intensity measured
by the CCD is

  )2cos(222)()(222   
ptrtr

ii
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 ),(cos),(),( yxyxByxA  , (4)
where A(x,y) and B(x,y) are the intensity coefficients, p is the phase variation of the p-polarized light
owning to the total internal reflection in the prism, and ψis the phase difference due to the optical path
difference and reflections at BS and mirrors. In order to obtain the distribution of the two-dimensional
phase (x,y), four interferograms[3] are taken by a CCD as the PZT moves M1 to change the phase of
the reference light. The phase π/2 is added between two successive interferograms. So the intensities
of these four interferograms can be written as

)),(cos(),(),(),( ii yxyxByxAyxI   , (5)
where ψi= 0,π/2,π, 3π/2 as i=1, 2, 3, 4, respectively.

By solving these simultaneous equations, we can obtain
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Substituting Eq. (6) into Eq. (4), we have

)),((
2
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),(   yxyxp . (7)

In the second measurement let the base surface of the prism free without any test material. We obtain
,2'   a (8)

where the phase variation a can be calculated with the refractive index of a prism n2 and n1= 1.

Substituting a and ’into the Eq. (8), the data of ψcan be calculated. Then substituting the data of ψ
into Eq. (7), p(x,y) can be estimated. Finally, the two-dimensional distribution of refractive index of a
tested material n2(x,y) can be evaluated by using Eq. (1b)

In order to show the feasibility of this method, we tested a mixed liquid with ricinus oil, olive oil, baby
oil, and water. The refractive indices of three oils and water are 1.513, 1.474, 1.463, and 1.33,
respectively. A He-Ne laser with a 632.8 nm wavelength and a right-angle prism made of SF8 glass with
refractive index n2= 1.689, were used in this test. The incident angle i was chosen as 69.74. A 8-bits
CCD camera (TM-545, PULNiX Inc.) with 510492 pixels, a PZT (P-830.10, PI Inc.), a phase shifter
card (DT331, DT Inc.), a frame grabber card (Meteor-II/Standard, Matrox Inc.), and the analysis
software IntelliWaveTM (Engineering Synthesis Design Inc.) were used to drive M1 and to process
interferogram analysis[4,5]. The two-dimensional phase variation distribution and the associated two-
dimensional refractive index distribution of the tested material are shown in Fig. 3 and Fig. 4.This
method has some merits such as simple optical setup, easy operation and repid measurement. Its
validity has been demonstrated.
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An alternative method for evaluating the coherence length of a laser diode

Po-Jen Hsieh, Zhi-Cheng Jian and Der-Chin Su

Department of Photonics & Institute of Electro-Optical Engineering, National Chiao-Tun
University, 1001 Ta Hsueh Road, Hsin-Chu 30050, Taiwan, R. O. C.

Abstract
Let a light beam coming from a diode pass through a polarizer and an electro-optical
modulator driven a saw tooth voltage signal, then a slight frequency difference between its
two linearly orthogonal polarized components occurs. The light beam enters a modified
Michelson interferometer, and the interference signal is sent to an oscilloscope. Because the
interference signal is a periodic function of time, it is easier than the conventional one to
evaluate the contrast. When the contrast is zero, the associated optical path difference is its
coherence length.

Keywords
coherence length, Michelson interferometer, Jones vectors, Optical path difference.

Summary
The schematic diagram of this method is shown in Fig. 1. The light beam coming from a

laser diode LD passing through a polarizer P and an electro-optic modulator EO incidents on
a beam splitter BS. The transmitted light enters a modified Michelson interferometer[1] and is
divided into two parts by a polarization beam splitter PBS: the reflected s-polarization light
and the transmitted p-polarization light. The former is normally reflected by a mirror M1, and
then is reflected by the PBS and the BS again. And it passes through an analyzer AN and is
detected by a photo detector PD. It acts the reference light in this interferometer. The latter is
normally reflected by another mirror M2 and returns along its original path. After being
reflected by the BS, it passes through the AN and also enters the PD. It acts as the test light
in the modified Michelson interferometer. If the amplitudes of the reference light and the test
light are Er and Et, PD measures the interference intensity of Er and Et, that is, I=Er+Et2.

For convenience, the +z axis is chosen along the propagation direction, the x-axis is along
the horizontal direction and only the light of the wavelength λi is considered. Let the
transmission axis of the P be at 45° with respect o the x-axis, then the Jone vector[2] of the
light incidenting on the BS can be written as
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1

E . (1)

If the fast axis of the EO is along the x-axis, and an external saw tooth voltage signal with
frequency f and amplitude V is applied to the EO, then the retardation produced by the EO
can be expressed as[3,4]
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where Vi is the associated half-wave voltage of the EO at i. And if the transmission axis of
the AN is 45° with respect to the x-axis, then we have
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where i is the phase difference being corresponding to the optical path difference between
the test light and the reference light, i.e.,
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Therefore, the interference intensity is given by
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Because the light coming from a laser diode contains many continuous spectrums, the
interference intensity measured by the PD can be expressed as
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where n is an integer, and ai is the bias intensity of wavelength λi. From Eq. (7), it is obvious
that we can obtain the summation signal of many cosine signals on the oscilloscope OSC.
Then, moving M2 in steps until the contrast of the signal on the OSC is nearly equivalent to
zero. At the time, the optical path difference between the test light and the reference light is
the coherence length.

In order to show the validity of this method, a laser diode (HHL6720G) manufactured by
Japan Hitachi Ltd. is tested. It operated at 25 °C with electric current 35 mA and its central
wavelength is 670.57 nm. An EO modulator (4002) fabricated by New Focus, with half-wave
voltage 220 V at 670.57 nm, is used in this test. A saw tooth signal, with frequency 2 kHz and
amplitude
220 V, is applied to the EO modulator. Fig. 2 are the interference signal on the OSC as the
optical path difference is about (a) zeromm, (b) 27mm, (c) 42mm, respectively. According
Fig. 2, we obtain its coherence length is about 42mm. In addition, we also measure its
coherence length with the conventional Michelson interferometer. We obtain the same result.

The half-voltage of the EO is varied as the wavelength is varied[5]. In our test, the tested LD
has narrow spectral bandwidth, the condition V Vi exists in Eq. (7). So our measured result
has the same result as the conventional method. If a light source with wide spectral
bandwidth or several separate spectral lines[6], is tested, the half-voltage is different for
different wavelength. Consequently, the measured result with this method will be smaller
than that of the conventional method. We also measure two He-Ne lasers (GLG 5369 and
GLG 5730) manufactured by Japan NEC Ltd. The half-voltage 146.4 V at 632.8 nm is
applied to the EO. Their measured results are
256 mm and 378 mm (with this method), and 305 mm and 450 mm (with the conventional
method), respectively. Therefore this method is suitable only for the light source with narrow
spectral bandwidth. In addition, either mirror does not move as the contrast of the
interference signal is monitored in the process of this method, so this method has some
merits such as high stable signal, easy operation, and high accuracy.
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(a) (b)

Fig. 2 The interference signals on the OSC as the optical path difference is
about (a) 0 mm, (b) 27 mm, and (c) 42 mm, respectively.

Fig. 1 The schematic diagram of this method for measuring the coherence
length of a laser diode. P: polarizer; EO: electro-optic modulator; BS:
beam splitter; PBS: polarization beam splitter; M: mirror; AN: analyzer;
PD: photo detector; OSC: oscilloscope.
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Dual-world hardware and software optics educational system

Preben Buchhave, Nini Pryds , Haim Abitan, and Peter Tidemand-Lichtenberg

Abstract
We have developed an educational optics learning tool, which allows students to work in
parallel with a real hardware system and a matching, realistic looking, virtual model. We have
implemented the idea as an educational laser-kit, and we describe the educational ideas
behind it and our experience with its use for motivating and inspiring grade school teachers,
educate high school students and train college students. The present system is a relatively
advanced laser system consisting of a unique combination of a 2-D breadboard with
magnetic mounts carrying the optical components and a corresponding, realistic 2-D display,
layout and analysis software.

Summary
Introduction
We have found that laser design and experimentation tools do not take enough advantage of
the possibilities offered by modern computer display and graphics capabilities. Consequently,
we have experimented with a unique combination of a 2-dimensional magnetic breadboard
(2-dimensional meaning with the possibility of placing components freely anywhere on a
plane surface) and a corresponding realistic graphic display of the same setup (a virtual
breadboard with virtual components). This unique, realistic correspondence allows user to
move back and forth between the virtual setup, where he can analyze the layout and the
beam properties, and the real breadboard, where he can place the components at the
coordinates found from the software analysis. The precise one-to-one correspondence
between hardware and software helps scientists and engineers make better and faster
design.

The goal of our development efforts has been to create an efficient tool for experimentation
with setups using laser beams, for design and prototyping of lasers and nonlinear optics and
for work with other laser based applications.

System description
In the present phase the educational system consists of a standing wave laser based on a
Nd:YVO4 crystal and a semiconductor pump laser. The system also allows intracavity
second harmonic generation and pulsed operation with an intracavity saturable absorber.
The students can place the components on the breadboard and experiment with the laser
properties such as alignment, stability of the resonator, measurement of laser characteristic
etc. while simultaneously examining the laser system theoretically by experimenting with the
virtual model. In the hardware, the students can insert and remove components and slide
them freely over the surface of the breadboard to test different configurations.
Simultaneously, the students can try the same configurations in the virtual model and
compare the model predictions to the actual behaviour of the laser. The software displays a
natural looking optical baseplate with realistic renderings of the mounted components. For
more advanced stud ents, the system can demonstrate concepts from nonlinear optics, Q-
switched operation and mode matching as we find it for example in external cavity nonlinear
conversion and in the case of coupling of two optical resonators.
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Educational results
We have tested the system in a wide range of educational settings ranging from grade
school science teaching to university labs. Our experience is that we can present the idea of
a laser successfully in all these environments by a preparing a suitable pedagogical
description. The unique breadboard with magnetic mounts that can be placed freely and
moved around on the breadboard surface makes it very fast and easy to set up and align the
laser. The students have also been quick to learn to use the software and to grasp the idea
of a “dual world” where they can compare the real laser to the software simulation. The result
is a significant reduction set up time and time used for experimentation. We believe we have
developed a unique system, which really takes advantage of the extra motivation and
understanding that results from a good theoretical understanding and a corresponding
“hands-on” experience with the real world. 
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Design and Evaluation of Optics Student Competitions and Contests for Maximal
Educational Value

Stephen M. Pompea1 and Constance E. Walker2
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2Carolyn Peruta University of Arizona, Tucson, Arizona, 85721, USA

Abstract
The National Science Foundation-funded project “Hands-On Optics: Making an Impact with
Light”is developing six educational modules designed for an informal museum, science
center, or other “free-choice” audience for use by students aged 10-17. The project is a joint
project of the SPIE-The International Society for Optical Engineering, the Optical Society of
America, and the National Optical Astronomy Observatory. The Project Principal Investigator
is Dr. Anthony Johnson, the Director of the Center for Advanced Studies in Photonics
Research (CASPR) at the University of Maryland, Baltimore County. The Hands-On Optics
program also has designed and sponsored student competitions that immerse students in a
problem-solving environment. We describe how two student optics competitions we have
designed can be used to motivate student work in optics. In the “Telescope” competition, 
students build and test a Newtonian-style reflecting telescope. In the “Hit the Target” 
competition, students reflect light off of mirrors and through an obstacle course in order to
see how close they can come to hitting a target.

Key Words
Optics education, reflection, telescope, laser, engineering design, problem-solving

Summary
Introduction
The Hands-On Optics project is developing six educational modules for national distribution
that address the basics principles of optics. In order to extend the project’s reach, the Hands-
On Optics program also has designed and sponsored student competitions which immerse
students in a problem-solving environment. We describe how a number of optics student
competitions we have designed can be used to motivate student work in optics. Two
competitions have been designed to date. In the “Telescope” competition, students build and 
test a Newtonian-style reflecting telescope. In the “Hit the Target” competition, students align 
mirrors in order to send laser light through an obstacle course in order to see how close they
can come to hitting a target. The competitions represent an extension of the educational
modules of the program and are conducted by students who have completed related
modules.

The six Hands-On Optics modules cover concepts such as simple reflection from mirrors and
the law of reflection, reflection from multiple mirrors and kaleidoscopes, formation of images
and construction of a refracting telescope, polarization and how birefringence can be used to
measure stress, properties of infrared and ultraviolet light and how they interact with
materials, and communication over light beams.

Each module is designed with an understanding of student misconceptions and naïve
theories about optics, a sense of how math can be integrated into the science of optics, and
with an appreciation of how teachers can best acquire basic optics concepts. A key part of
the program is the intense involvement of optics industry volunteers as resource agents with
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strong content and science process knowledge. These volunteers assist the educator in
understanding optics concepts and the techniques used by optical scientists and engineers.

Rationale for competitions
To provide a means of allowing students to apply the knowledge they have gained in the
Hands-On Optics program, the project is designing a series of competitions that allow
students to work in a more open-ended, inquiry-oriented way with the knowledge and
equipment that they have been using. These competitions also provide a way to encourage
the development of teamwork skills and the ability to understand the problem, divide up
tasks, and to best utilize the individual skills of team members. One of the key audiences for
the Hands-On Optics project is the Mathematics, Engineering, Science Achievement (MESA)
program, an after-school program found primarily in the western United States. MESA
emphasize students preparing for and participating in competitions on a local and statewide
level. The creation of optics competitions allows MESA students to continue their
involvement in optics beyond their initial work with the optics kits.

Telescope competition
A telescope construction competition was chosen in order to combine the key concepts of
the first three modules. In module one students learn about reflection from specular and
diffuse surfaces. In module two, they learn about multiple reflections from plane mirrors. In
module three, they learn about image formation by lens and mirrors, and they construct a
simple refracting telescope. After constructing the telescope, they measure its magnification
and test its resolving power.

A telescope competition has students determining the focal lengths of lenses and mirrors in
order to build a Newtonian-type
reflecting telescope. The students are
given instructions on the basic design
of the telescope but must determine
the focal lengths of the primary mirror
(a three-inch f10 spherical mirror) and
eyepiece. With this information, the
students can construct the telescope.
After the telescope is built, the
students align the telescope, and
evaluate the resolution. The
competition relies on the correct
determination of the focal lengths and
how well the teams build and align
their telescopes. A resolution chart is
also used to test the telescopes.

Teams are judged on the total system performance of the final telescope. If the telescope is
built and aligned properly, the telescope will perform to its resolution limits. If the telescope is
aligned improperly, significant changes in resolution will occur. Small changes in the
placement of the flat diagonal mirror, or in the position of the eyepiece can result in
significant changes in performance. Serious problems in alignment or placement of the
mirrors will make the telescope inoperable.

The telescopes were also judged for their appearance and quality of construction as well as
for their performance. Students were asked to draw the optical design and a ray trace of their
system on a piece of paper. The photograph of several telescopes illustrates the simplicity of
the telescopes. The primary mirror is glued to an L-bracket that is attached to a wooden
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board. The flat secondary mirror is attached to an eye-bolt screwed into the wood. Additional
brackets hold the eyepiece. It was decided not to mount the telescopes in a tube. This
needlessly complicated the design, increased the expense of the kit, and obscured the basic
design. All of the optics components were obtained as surplus optics and all of the other
parts were obtained at a hardware store.

Because of the lack of a mount for the telescopes, they were tested by laying them flat on a
table and positioning a target about 25 feet away. In this orientation, the resolution of the
telescope in viewing the target could be easily determined. Various targets were used,
including type printed in different font sizes, official resolution targets, and dollar bills. The
use of money was an effective target, since money typically has a wide variety of type sizes
and details at various scale lengths. This competition has been used for two years in Arizona
with MESA students and has proved popular with students in the 10-17 years age range.

 “Hit the target” competition
In a laser reflection competition, students who have completed module one are under time
pressure to position and align mirrors to order to have a laser beam hit a target. The students
are evaluated on how closely the beam comes to the target. In this competition, the students
are not allowed to turn on the laser beam until after all alignment efforts have been
conducted. They must use protractors, strings, and other alignment aids but are not allowed
to turn the laser on until they are ready to be judged. This competition tests the students’ 
comprehension of the law of reflection. Students are not specifically taught alignment
techniques but are encouraged to measure angles relative to the mirror surface normal in
order to predict where the beam will go. The score for each student team is determined by
the number of different tries needed to hit the target, and by how close the laser beam comes
to the center of the target, which is typically a few square inches in area and placed on a wall
near ground level.

The role of authentic assessment
In addition to their motivational value, the competitions are also especially useful as a form of
assessment for the project modules. As in the modules, students work in small groups when
they compete. The competitions provide an authentic assessment of the students and the
skills they have developed. This form of assessment, in contrast to more objective tests on
paper, best resembles how industrial engineering teams are evaluated. Performance in the
competition is a solid measure of student comprehension of the modules and their ability to
apply these concepts in new situations.

Conclusion and lessons learned
These competitions have been tested at a variety of grade levels and are motivational to the
optics students. Surprisingly, older students (ages 15-18) do not do appreciably better in
telescope construction than younger students (ages 11-14). The educational effectiveness of
the competitions is strengthened through orientation workshops given to teachers on the
competition. In these competitions, the use of college science students as judges has been
found to be most effective. These students not only do an excellent job of judging the
competitions but also serve as role models for younger students involved in the competitions.
As in most competitions, simple and well-written rules and scoring rubrics are essential.

Contact Information
Dr Stephen M. Pompea, Hands-On Project Co-Investigator
Manager of Science Education, and Astronomer, National Optical Astronomy Observatory,
Tucson Arizona 85719 USA. Pompea is also Education Co-Chair of the Arizona Optics
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Industry Association and Adjunct Faculty, University of Arizona. Voice 520.318.8285 Email
spompea@noao.edu

The Hands On Optics Project is funded by the National Science Foundation ISE program.
NOAO is operated by the Association of Universities for Research in Astronomy (AURA), Inc.
under cooperative agreement with the National Science Foundation
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Addressing the needs of the Telecoms industry for optical fibre communication in
Africa

Andrew WR Leitch and Ann B Conibear

Abstract
We report on a successful partnership between the Department of Physics at the Nelson
Mandela Metropolitan University (NMMU) and Telkom, South Africa’s national 
telecommunications company, to train physics students in the important fields related to
optical fibre technology. The partnership, which began in 2001 and forms part of Telkom’s 
Centre of Excellence program in South Africa, is currently being extended to other countries
in Africa. The training being conducted in the Physics Department has as one of its main
goals an increased understanding of polarisation mode dispersion (PMD), an effect that will
ultimately limit the transmission speeds through optical fibre.

Summary
Introduction
The demand for fast and efficient communication systems in Africa is likely to increase as the
pace of economic development across the continent grows. A modern system utilizing optical
fibre as the backbone is required in order for a country to develop any competitive edge.
Increased requirements for data transfer speeds, spurred on by the massive expansion in
Internet traffic, necessitate the use of optical fibres that can handle faster bit-rates without
loss of signal definition or resolution.

In South Africa, the first optical fibre links were laid more than 20 years ago –at a time when
bit-rates were much slower and polarization mode dispersion (PMD) was not considered be
of any consequence. The situation has radically changed today, with bit-rates of 10 gigabits
per second being tested and 40 Gb/s likely in the foreseeable future. There is therefore an
urgent need to re-evaluate much of this legacy network, in order to ascertain to what extent
the fibre is still suitable for the next generation network (NGN). The same applies to many
other countries in Southern and Central Africa, which are increasingly looking to South Africa
for leadership in economic revival.

The development of a modern optical fibre communications network requires the training of
senior graduates who are familiar with the technology. For this reason Telkom SA Ltd and
the Department of Physics at the Nelson Mandela Metropolitan University (NMMU) in Port
Elizabeth formed a partnership in 2001 through the establishment of a Centre of Excellence
(CoE) at the university, the focus being on optical fibre technologies. The broad aims of the
Optical Fibre Research Group at the NMMU have been the following:

i) to train students (undergraduate as well as postgraduate) in the field of optical fibre
communications;
ii) to research the various aspects of PMD; this would include having a good
understanding of how to measure PMD, as well as being familiar with the various factors that
may have an influence on its value;
iii) to assist Telkom in establishing the extent to which the present network is suitable for
upgrade to higher bit-rates; and
iv) to be of service to the local industry, where optical fibre is cabled for various
applications.
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Training of undergraduates
The training for the three-year standard BSc degree includes a geometrical optics course
(given in First Year), a physical optical course (presented in Second Year) and an
electromagnetic theory course (Third Year).

The Fourth Year (Honours) degree begins with an advanced electrodynamics theory course,
in which basic waveguide theory is covered. The students begin to focus on specialized
optical fibre technologies. They are introduced to the optical time domain reflectometry
(OTDR) technique and spend some weeks learning to interpret spectra. Through
experimenting with the ODTR, students become familiar with concepts such as the
propagation of light through a medium, absorption and attenuation of a signal, Raleigh
scattering, etc., as well as practical issues such as the use of a fusion splicer.

Postgraduate training
The two-year MSc projects form the main focus of the student training. A key part of the
training is a comprehensive semester course in which the basic optical fibre technologies are
covered in detail. As a result of the excellent partnership between Telkom and the research
group, MSc students are able to work for periods of time with Telkom personnel, carrying out
PMD and other measurements on the optical fibre network in South Africa. In this way they
gain first-hand experience on making measurements in the real environment. They also gain
a feel for the requirements and constraints of industry.

When considering PMD in an optical fibre, it important to realize that PMD is affected by the
birefringence in the fibre. PMD has a seemingly random and complex statistical nature,
which means that PMD results need to be interpreted with great care. Factors that are known
to affect its value include temperature fluctuations (due to the sensitivity of the fibre core to
intrinsic and extrinsic stress). In addition to birefringence, mode-coupling sites along the
length of the fibre also have an influence on measured PMD, as these sites allow for the
exchange of optical energy between modes.

While the interferometer technique (based on the Michelson interferometer) is widely used
for PMD measurements in the field, our students also have the opportunity of using the
generalized Poincaré arc technique in which the output states of polarization are determined,
from which the differential group delay and hence the PMD can be found. This information is
extremely valuable, especially if one is to consider compensating for the PMD in real time.
The design of a PMD compensation system forms the research project for one of our PhD
students.

It is worth emphasizing that the partnership with Telkom represents far more than simply a
financial donation to support the activities of the research group. The association includes
joint research planning and regular report-back meetings, as well as the opportunity for field
measurements. An annual telecommunications conference [1] sponsored by Telkom
provides an excellent platform for postgraduate students to present their results to industry
and other academics.

To conclude, in addition to the support of Telkom, the Optical Fibre Research Group at the
NMMU is also supported by Corning Optical Fibre (UK), Aberdare Fibre-Optic Cables (in Port
Elizabeth) and Ingoma Communications Services (in Pretoria) as well as the South African
government (through the NRF and Thrip). This support has enabled the research group to
position itself to serve the optical fibre industry in Africa through the training of students at
various levels of expertise.
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[1] Satnac (Southern African Telecommunication Networks and Applications conference).
http://www.satnac.org.za
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Colour vision experimental studies in teaching of optometry
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Abstracts
Following aspects related to human colour vision are included in experimental lessons for
optometry students of University of Latvia. Characteristics of coloured stimuli (emitting and
reflective), determination their coordinates in different colour spaces. Objective
characteristics of transmitting of colour stimuli through the optical system of eye together with
various types of appliances (lenses, prisms, Fresnel prisms). Psychophysical determination
of mono- and polychromatic stimuli perception taking into account physiology of eye, retinal
colour photoreceptor topography and spectral sensitivity, spatial and temporal characteristics
of retinal receptive fields. Ergonomics of visual perception, influence of illumination and glare
effects, testing of colour vision deficiencies.

Key words
optometry, colour vision, colour gamut, visual perception, visual acuity, flicker fusion,
heterochromatic flicker photometry

Summary.
Duties of optometrists as a specific and regulated profession nowadays are growing rapidly
within the quality of technical means and clinical patient care, within increasing of visual
stress intensity, and trends to higher patient visual comfort. Currently optometry teaching in
different countries still is different instead of trends to obtain the coherence in education and
expertise of optometrists at least within the European Union countries. Latvia has almost 15
year experience in optometrist teaching at bachelor and master levels following the
curriculum similar and close to the curriculum in Great Britain, Ireland, Norway. Present
report relates to the experimental studies of colour vision provided within training of
optometrists in University of Latvia.

Knowledge of the following aspects related to human colour vision is included in practical
experimental lessons for students going to be optometrists or vision scientists.

1. Characteristics of coloured stimuli (emitting and reflective ones), determination their
coordinates in different colour spaces, generation of analog and digital colour stimuli,
characteristics of different kind of digital stimuli output together with possibilities and
requirements of its colour and intensity calibration.

2. Objective characteristics of transmitting of different colour stimuli through the optical
system of an eye together with various types of eye appliances (lenses, prisms, Fresnel
prisms, etc.) limiting the resolution of a real as compared with an “ideal” eye, impact of 
diffraction and eye aberrations on the resolving power of the eye, differences in the light
scattering of different wavelength affecting the perception of monochromatic or polychromatic
stimuli.

3. Visual perception psychophysical determination of mono- and polychromatic stimuli
taking into account physiology of the eye, retinal colour photoreceptor topography and
spectral sensitivity, spatial and temporal characteristics of retinal receptive fields.

4. Ergonomics of visual perception, influence of illumination and glare effects on the
colour stimuli recognition, testing of colour vision deficiencies.
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The report presents and demonstrates a number of techniques used in laboratory lessons
devoted to obtain knowledge on the previously mentioned colour vision characteristics (such
as “Determination of colour display spectral emittance, colour gamut, gamma-function and
display calibration”, “Determination of reflective surface colour coordinates”,  “Optical transfer 
function determination (a model eye together with optical appliances: lenses, progressive
lenses, Fresnel prisms)”, “Light scattering of different wavelength emission in a cataract eye 
model”, “Heterochromatic flicker photometry”, “Colour stimuli visual acuity”, “Polychromatic 
stimuli colour contrast sensitivity”. 

To determine emitting and reflective stimuli spectral characteristics, we used in the
laboratory work a fibre “Ocean Optics” spectrometer supplied with a small integrating sphere. 
Normally the colour coordinates and the colour gamut of the display emission are determined
in CIE XYZ and L*a*b* colour spaces. To perform display calibration procedure we used
“Spider2Pro” photometer with software allowing us to rebuild the gamma function in the most 
proper way in all specific tasks, where the display is used to present visual stimuli.
     Optical properties of “model eye + appliance” system are determined using a three colour 
RGB laser (CNITRA, wavelengths –670nm, 532nm, 473nm) as well from the point spread
function using a double path system as from the increase of the beam divergence.

In model experiments light scattering is induced using, firstly, a PDLC (polymer diffused
liquid crystal) cell with controllable light scattering by applying different AC voltage. Secondly
step-by-step light scattering is obtained using obstacles performed on composites of MMA
(methyl methacrylate) glue with dispersed small glass microparticles. The refractive indices
of PMMA n = 1.44 and glass n = 1.5 are close to the indices of the clear human eye lens and
for cataract protein formation. Changing the concentration of the glass particles and the
thickness of the composite layer it possible to adjust the light scattering level to different
stages of the cataract development. Light scattering depends strongly on the wavelength and
such obstacles are used in
a number of laboratory
works to study the effect
of scattering on perception
of different colour stimuli.
Aberrations of a real
human eye are
determined.using
“MultiSpot.250” 
aberrometer.

Psychophysically the
visual performance is
studied in two ways –
using visual acuity letter
(e.g., Landolt C) charts
build of non-isoluminant
stimuli with different colour
contrast (white-blue,
white-red, white-green,
etc.), or
quasimonochromatic (red,
green, blue) stimuli of
different intensity contrast.
Secondly, the Gabor
gratings are used for
contrast sensitivity
measurements using

Fig. 1. Display luminance curve calibration using “Spider2 Pro” 
sensor. Solid line–initial Input/Output characteristics
(luminance = RGBg with g = 2), line with dots –corrected
Input/Output characteristics allowing obtain more gray scale
levels for RGB range [50,2555], equivalent to 10 bit/channel
videocard output.
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quasimonochromatic sinusoidal
intensity modulated stimuli or similar
structure isoluminant grating stimuli
with colour contrast (opponent
colours red-green, blue-yellow).
These stimuli are generated on the
PC screen and
quasimonochromaticity of stimulus,
e.g. “blue”, actually means relatively 
broad emission of the blue CRT
screen phosphors. The human vision
is very sensitive to contrast changes
(contrast sensitivity CS > 100, CS =
1/C = (Lmax+Lmin)/(Lmax-Lmin),
where C- Michelson contrast, Lmax
and Lmin – stimuli maxima and
minima luminance). Thus to build
such stimuli on the PC display using 24bit RGB colour depth, the appropriate display
Input/Output curve L=L(RGB) providing fine contrast within large changes of RGB values
should be build by means of the “Spider2Pro” type photometer software (Fig.1). 

Every man has his own colour sensitivity curve. To ensure the isoluminance of stimuli the
relative sensitivity corresponding to three R, G and B phosphor emission should be
determined using the heterochromatic flicker photometry. To do that for R and G phosphor
emission two stimuli – red and green are periodically interchanged on the screen with
frequency ca. 10-30Hz. At some R and G stimuli ratio value R/G, flickering of the stimuli is
minimal or is disappearing completely, and the person doing experiments can assume the
corresponding stimuli as isoluminant ones.

Also for humans with no colour vision deficiency the relative R/G sensitivity varies due to
different R and G cone distribution within retina area. “Blue” short wavelength sensitive S 
cones are practically absent in the fovea –the central vision area of retina has very low S
cone density.

Thus the relative sensitivity of M and S cones depends on the excentricity –on angular
distance from the retina centre. In laboratory work, using as heterochromatic stimuli annulus
with different inner and outer radii students determine their relative sensitivity of middle and
short wavelength emission (data shown in Fig.2).
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determination at different positions on human retina
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for CRT display blue RGB(0,0,255) with screen
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RGB(0,G,0).
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Innovative qualification network in the field of optical technologies realised in the
course of studies Laser and Optotechnologies

Jens Bliedtner & Yvonne Weigel

Abstract
Realising the manifold innovations and research results in the field of optical technologies
requires a more intense and target-oriented qualification of the students in the next years. In
a model project a qualification network between the university, enterprises and research
institutions was established for a new consecutive course of studies “Laser and 
Optotechnologies” at the University of Applied Sciences Jena. The integration of experts
from industry and research as well as the introduction of new education methods enables a
more practice and science-oriented qualification, enhancing the qualification level and the
students’ chances on the job market at the same time.

Summary
At present there is a great discrepancy between the number of available specialists and the
demand for technical engineers in the field of optical technologies. In order to realise the
large number of present and future developments in this field well-trained specialists will be
needed in the next years. The high standards of qualification are not only important for
graduates from university but for specialists working in various companies of the optical
industry as well. A survey, carried out by the competence network OptoNet Thüringen e.V.,
reflects this statement having detected a demand for qualification of 55.6% among the
employees in the investigated companies.

Figure 1: Demand for qualification in the optical industry of Thuringia

The direct as well as the indirect way of education are essential for achieving the required
qualification level. A qualification network model between the university, various research
institutes and industrial enterprises was established in order to minimise the above-
mentioned deficit and to realise modern educational concepts. This model mainly aims at
including the latest research results of the institutes and enterprises into the education of
students who want to obtain a Master’s degree in the field of optical technologies. Especially 
by co-operating with enterprises of the optical industry the education of the students can be
flexibly adjusted to their needs. The course “Laser and Optotechnologies” LOT is a 



299/416

consecutive course of studies in the direct way of education with a duration of 6 plus 4
semesters. As regards content the main focus is in the field of laser technology, optical
technology, optical development and optoelectronics. Specialisation in different occupational
fields is a crucial instrument for practice-oriented education. This additional form of Master
studies enables the students to obtain special knowledge for a smooth and quick integration
into company operation after having successfully graduated. Master students are qualified
e.g. for laser beam specialists or optical designers.

Figure 2: Organigram of the Master’s course of studies LOT

The integration of experts from industry and research institutes into university education
enables an extended range of topics from research and development in lectures, for projects,
internships, Bachelor and Master Theses. At the same time it facilitates a smooth transition
of students from university into industrial enterprises.
The indirect way of education is used by companies within the competence network OptoNet
Thüringen e.V. They utilise the existing education structure at the University of Applied
Sciences Jena in the field of optical technologies for in-service training of their employees.
Topics such as technical optics, laser technologies, laser measuring technologies or optical
technologies are offered in modules for beginners and advanced students. The qualification
needs in the indirect way of education provide feedback for future topics of qualification in the
direct way of education.
The qualification network can react very well to the industrial utilisation of innovative products
and procedures of the branch and flexibly educate students. The tight connections to optical
enterprises guarantee a practice-oriented education and simultaneously increase the
chances for graduates.
The project was supported by the Federal Ministry for Education and Research Germany and
the Thuringian Ministry of Education.
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Abstracts

Simulation of vision pathologies and adverse viewing conditions in laboratory conditions
requires optical phantoms with different level of light scattering. Such obstacles are designed
as passive or active elements applying several technologies. We used for studies two kinds
of solid state smart materials with electrically controllable light scattering –electrooptic PLZT
ceramics, polymer dispersed liquid crystals PDLC and obstacles with fixed light scattering –
composite of polymer methylmethaacrilat PMM together with grinded glass microparticles.
Report analyzes optical characteristics of such obstacles – attenuation, scattering,
depolarization of different wavelength light at various scattering levels and changes of visual
performance applying obstacles in vision science studies.

Key words
light scattering, light polarization, polymer dispersed liquid crystals, birefringence, visual
perception

Summary

Simulation of vision pathologies and
adverse viewing conditions in laboratory
conditions requires optical phantoms with
different level of light scattering. Such
obstacles can be designed as passive or
active elements applying several
technologies. We have used for such
purposes two kinds of solid state smart
materials with electrically controllable light
scattering – electrooptic PLZT ceramics,1

polymer dispersed liquid crystals PDLC2 and
obstacles with fixed light scattering -
composite of polymer methylmethaacrilat
PMM together with grinded glass
microparticles.

PLZT ceramics (composition similar to
piezoelectric PZT - lead zirconate titanate,
however in our case additionally modified by
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(middle) and 473 nm (lower curve).
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lanthanum), is a transparent in visible bulk ferroelectic polycrystalline material. Different
scattering levels were generated by changing the voltage applied to the ceramics. In
absence of electric field applied in our devices ceramic compositions stay uniform and
nonpolar. When an electrical field is applied to transparent electrodes deposited on the
opposite sites of the 1.5 mm thick PLZT plate, a reversible nucleation of submicron size
dielectrically polar and thus also birefringent regions are induced, thus producing local
variations of the refractive index in ceramics. That produces an amount of forward straylight
that increases with voltage.

PLDC cells used in experiments (Fig.1) as eye obstacles consist of two glass plates with
transparent ITO electrodes forming a 10 microns gap of a composite polymer (PN393
MerckKgaA) with dispersed liquid crystal (BL035 MerckKgaA) droplets of micrometers size.
Values of the refractive index were –for polymer n = 1.473 (at 589nm) and for birefringent
liquid crystal no = 1.528 and ne same as for polymer. Applying the AC voltage aligns directors
of liquid crystal droplets along the direction of the electric field E in the layer - light passing
the cell does not meet refractive index variations, and no scattering takes place. At absence

of an external influence droplets are
randomly oriented causing local optical
non-homogeneities and light scattering.
As the birefringence is much higher as
compared with PLZT ceramics the
thickness of the scattering layer for
similar scattering degrees is within a
micrometer range. Thus the voltage U
needed maximally to align liquid crystal
droplet directors along the transmitted
light beam does not override 30-40 V. In
such PDLC plate Mie light scattering
takes place opposite to PLZT ceramics
that due to smaller size of light
scattering birefringent domains can be
characterized with Rayleigh scattering.
However also for Mie scattering in
PDLC the noticeable wavelength
dependence is observed. Figure 2
shows the attenuation of the collimated
directly transmitted light beams at three
wavelengths (red, green and blue) of
the RGB laser.

natural
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liquid crystal
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Fig.1. Polymer disperse liquid crystal cell in
two states – light scattering Off state and
transparent On state.

Fig.4. Indicatrices of the scattered light by
PDLC light scattering obstacles analyzing it with
a rotating polarizer. Orientation of analyzer
corresponding to the polarization plane of the
initial 633 nm laser beam is shown at the right
upper part of images.
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Another way to obtain graded step-
by-step light scattering is using of
composite –matrix of less refractive
glue monomer of methaacrilate MMA
(refractive index n = 1.45) mixed
together with dispersed small glass
particles (n = 1.5). A gap between two
glass plates of thickness 0.06-0.5
microns are filled with such mixture
(glass powder concentration 100-200
mg/ml) thus obtaining pairs of obstacles
with fixed but graded degrees of the
light scattering. A picture of an
interference contrast microscopy is
depicted in Fig.3. Also for such
scattering obstacles scattered light is

strongly wavelength dependent in visible spectral range (Fig.2).

Besides intensity and spectral dependencies the scattered light produced by such
obstacles reveals also noticeable polarization dependencies. Figure 4 shows polarimetry
analysis of the scattered by PDLC cell linear polarized 633 nm laser light applying the
rotating analyzer. Obtained pictures allow to analyze polarimetry of the scattered light for
angles much larger as those determining normal visual acuity. However previously Bueno
at all.3,4 have analyzed light scattering in human eyes and have revealed similarity of
changes of the depolarization degree produced by such scatterers (PLZT ceramics)
comparing it with the depolarization degree of the scattered light in elder cataract eye
patients at smaller angles - below 1 arc degree.

All kind of such light scattering obstacles have been used for determination of various
visual performance characteristics. Visual acuity looking through such obstacles with
graded scattering drops down from standard 20/20 to zero for black-white and black-red,
black-green and black-blue stimuli (for black-blue the most drastic between all listed
optotypes). Scattering obstacles are used in vision research also for studies of colour
contrast sensitivity, stimuli recognition search time and diminishing of objective optical
characteristics of the model eye in presence of scattering. Studies of visual performance
of observers without any vision pathologies however using obstacles capable to induce
different degrees of light scattering allow to simulate a decrease of visual functions for
cataract persons5 and also decrease of recognition of colour stimuli in adverse weather
conditions.

References.
1. Ozolinsh M., Lacis I., Paeglis R., Sternberg A., Svanberg S., Andersson-Engels S., and
Swartling, J. (2002), Electrooptic PLZT ceramics devices for vision science applications,
Ferroelectrics, 273, pp.131-136.
2. Ozolinsh M., Korenuks D., Kozachenko A., and Komitov L. (2003), Light scattering effect
on colour stimuli visual response, Perception, 32, S178-179.
3. Bueno J.M. (2001), Depolarization effects in the human eye Vision Res. 41 2687-96.
4. Bueno J.M., Berrio E., Ozolinsh M., and Artal P. (2004), Degree of polarization as an
objective method of estimating scattering, J. Opt. Soc. Am. A, 21, pp.1316-1321.
5. Ozolinsh M. and Papelba G. (2004), Eye cataract simulation using polymer dispersed
liquid crystal scattering obstacles, Ferroelectrics, 304, pp.207-212.

Fig.3. Interference contrast microscopy of
glass particles in PMMA matrix.
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Abstract
We present two laboratory experiments on optical image processing which show
complementary modeling approaches. One experiment is based on an optical correlator,
where a physical Fourier plane can be identified, and the other is based on the angular
response exhibited by a volume grating (Bragg processing) where no Fourier plane is
available. In the correlator the frequency content can be visualized as intensity variations in
the Fourier plane, whereas in Bragg processing the angular plane waves decomposition of
the object is the intuitive approach. Then we have two different approaches to synthesize the
transfer function of the system. The combination of the two experiments in a student's lab
helps for a deeper understanding of optical image processing, its linear systems
mathematical background, and some aspects of volume holography.

Keywords
Fourier Transform, Image Processing, Bragg processing, Optical Correlator, Linear System,
Volume Holography.

Summary
Introduction
Optical image processing [1] can be considered an area with an important technological
potential, especially when combined with increasingly better optoelectronics devices, such as
spatial light modulators or CCD/CMOS cameras. From the educational point of view it is an
effective method of introducing the concept of parallelism in computing, inherent in optics.
Furthermore it is an efficient and elegant method to present the linear systems theory [2],
common to a large number of science and engineering fields, since the lab experiments
provide a direct visualization of linearity, superposition, space-shift invariance, direct space
domain and frequency (Fourier) domain.

The usual scheme used in optical image processing takes advantage of direct manipulation
in the Fourier plane of the frequency content of the object. In the Fourier plane we place a
filter, which multiplies the Fourier transform of the object point by point. This would be made
in the Vander Lugt type correlators. A variation of this scheme is used in the Joint-transform
correlator but we do still visualize a Fourier plane. A different strategy was proposed at the
end of the 70s, dedicated to modify the angular plane waves spectrum of the object with no
need for a Fourier plane [3]. This image processing strategy, so-called Bragg processing,
takes advantage of the characteristics of the angular response in volume holography [4,5]. In
the next Section we show two different setups and the possibilities they offer to demonstrate
in a students lab optical image processing with and without a Fourier plane.
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Experimental realization of the two approaches
In Fig. 1(a) we show a modified version of a Vander Lugt converging correlator, as proposed
in Ref. [2], with two arms that allow the display of the Fourier plane and the final plane
simultaneously. This can be done because we insert a beam-splitter in the light trajectory. By
means of the lens L3 we project the Fourier plane onto the screen or onto a CCD camera.
Lens L2 projects the Fourier Transform of the Fourier plane onto the CCD camera. In the

Fourier plane we put the corresponding frequency filter )(uH multiplying the frequency

spectrum )(uF of the object. Thus the frequency content )(uG of the final image is given by
)()()( uHuFuG  . In this type of setups we are able to directly specify in a certain plane the

transfer function )(uH of the system.

Fig.1. Experimental setups. (a) Double arm convergent correlator. (b) Imaging setup with a
volume grating.

In Fig. 1(b) we show a one lens imaging setup where we have introduced a volume grating.
The volume grating generates a transmitted and a diffracted order and we obtain two
different images at the output plane. Spatial filtering of the object frequency content is
accomplished without a physical Fourier plane but through the modification of the angular
plane waves spectrum of the object by the volume grating. As given by the Kogelnik's
coupled wave theory [4] the diffraction efficiency of a volume grating varies with the angle of
incidence. The efficiency as a function of the angle will act as the transfer function of this
system.

Let us consider the angles o and , with respect to the optical axis in the optical system
(Fig. 1(b)), for the plane waves spectrum of an input object and for the orientation of the
grating. With a proper substitution [5] we can rewrite the angular response of the grating as

frequency transfer functions for the transmitted )(0 uH and the diffracted order )(1 uH , where

0osinu  . Thus, the frequency contents of the transmitted )(0 uG and the diffracted

images )(1 uG are given by: )()()( 00 uHuFuG  and )()()( 11 uHuFuG  respectively. We note
that these filtering operations are not dependent on the distance between the object and the
grating. Therefore we can construct very compact processors where the grating is in close
contact with the object. The function of the lens is simply to image the filtered object onto a
final plane. An interesting situation arises when the grating exhibits maximum diffraction
efficiency and it is oriented at the Bragg angle, ψ=Bragg. Then the DC component of the

object is addressed in the direction of the diffracted order and )(0 uH and )(1 uH correspond
respectively to a high-pass and a low-pass filter [5].
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(a) (b) (c)

Fig.2. (a) Scene; (b) Diffraction pattern. (c) Reconstructed signal with a filter rejecting the
orientations +90º, +75º and -75º.

Let us show in Fig. 2 and 3 some experimental images obtained respectively with the setups
in Fig. 1(a) and 1(b). With the double arm correlator we see in Fig. 2(a) the input object,
composed by several gratings with the same period but different orientation. In Fig. 2(b) we
show its optical Fourier transform obtained at the Fourier plane. We see the first harmonics
of the scene forming a circle around the zero frequency. The second harmonics are also
slightly visible. In Fig. 2(c) we show the resulting image when applying a filter which blocks
the harmonics in some specific orientations. We clearly distinguish the gratings that are
removed by this filtering operation. Finally, in Fig. 3 (setup in Fig. 1(b)) we show the
transmitted image by a volume phase grating exhibiting maximum diffraction efficiency and
oriented at the Bragg angle ψ=Bragg. We see that we obtain edge enhancement in the
vertical edges.

3. Conclusions
We have proposed the use of two different setups to show the
students in optical image processing two complementary approaches
to modify the frequency content of an object, with and without a
Fourier plane, i.e. two different ways to synthesize the transfer
function of a system. The understanding of the two experiments helps
for a deeper understanding of optical image processing, its linear
systems mathematical background, and some aspects of volume
holography.
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Abstract
In the recent years, many experimental and theoretical achievements have shown that
metamaterials can simulate homogeneous materials with optical index less than unity or
even negative. Controversial papers have been published on left-handed materials and their
alleged property of making perfect lenses. It will be shown that such a perfect lens cannot
exist. However, this kind of metamaterial could be used for making better lenses than the
best classical ones. So, it emerges that Rayleigh limit can be overcome.

Key words
Metamaterials, Rayleigh limit, superlens, Electromagnetic theory

1. Introduction
Left-handed materials and more generally anomalous refraction phenomena have raised
recently controversial papers [1-6]. V.G. Veselago [5] in the 60's, predicted surprising
properties of negative refraction (with optical index equal to –1) for a material with both
relative permittivity and permeability equal to –1. More recently, J.B. Pendry proposed an
electromagnetic demonstration of a remarkable property: when a slab of left-handed material
is illuminated by a point source, the evanescent part of the incident field contributes to the
focusing process, allowing formation of a perfect image. In the present paper, we call
evanescent wave a wave which propagates parallel to the slab and behaves exponentially
along the orthogonal direction.
Until now, it is acknowledged that left-handed materials cannot be found in nature. However,
it is possible to design them, in the microwaves domain, using metal-dielectric periodic
structures, such as periodic arrays of copper split ring resonator and wires [7,8].
Making such metal-dielectric structure at the optical scale seems very difficult, and it should
be remembered that metals in the optical region present losses. However, a recent paper [4]
has reported the possibility of making materials presenting negative refraction phenomena
using simple dielectric photonic crystals, which makes it possible to design such structures in
the optical region. this paper, we propose a survey of our recent papers on this property,
including the influence of both radiative and evanescent waves.
A very simple theoretical demonstration based on the notion of analytic continuation of the
field has allowed us to show that a material having both relative permittivity and permeability
equal to –1 cannot exist [9]. Furthermore, we have shown that one of the strongest
limitations to the realization of perfect lenses lies actually on the heterogeneous nature of the
material: the concept of effective medium cannot be used for a slab of left-handed
metamaterial illuminated by a point source, due to the vital influence of evanescent waves
having a transverse wavelength of the order or less than the dimensions of the dielectric and
metallic inclusions.
Surprisingly, the consequence of this explanation is that a slab of left-handed material could
provide a means to focus the light more efficiently than current devices like lenses, provided
the size of the elementary cell of the material is small enough.
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2. Presentation of the problem
Let us consider a point source S located at a distance sy above the upper interface of a slab
of left-handed material, viz. a material having a relative permittivityand a relative
permeability  equal to -1 at frequency . The width of the slab is equal to e and throughout
the paper, we assume that e>ys. The field is s-polarized, with the electric field parallel to the
z axis of a cartesian coordinates system xyz , the x axis being located at the upper interface
(Fig. 1).
Using a time dependency in  tiexp , the field emitted by the point source S of ordinate Sy
at a point M is given by

 SMkHE S
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Figure 1 : Presentation of the problem

with 0k wavenumber in vacuum ( ck /0  , c velocity of light in vacuum) and 1
0H Hankel

function of the first kind and zeroth order.

Using the Weyl formula, the Hankel function can be expressed at a point M in the form of a
sum of plane waves below the point source:
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This equation shows that the slab is illuminated by a sum of plane waves, including
propagating and evanescent ones.
It has been shown in recent papers [1, 9] that the propagating part of the field inside the slab
satisfies a phenomenon of negative refraction (optical index equal to –1 in the Snell-
Descartes formula) while the evanescent waves are amplified throughout the slab, and thus
can contribute to the focusing process, in such a way that the slab is a stigmatic instrument.
However, we have shown that the field generated inside and below the slab by this point
source does not satisfy the causality principle. The result is the same for the other
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fundamental case of polarization (p-polarization). Even though this conclusion clearly shows
the impossibility to construct a perfect lens using left-handed materials, it will be shown
further that metallo-dielectric metamaterials could provide a means for constructing
remarkable (but non-perfect) lenses. It is worth noticing that for 2D photonic bandgap
structures, this focusing property has been experimentally verified in Ref. 8.

3. The limits of homogenization process in bounded metamaterials.
Our conclusion on the impossibility to elaborate an homogeneous material having both
relative permittivity and permeability equal to -1 seems to be in contradiction with
experimental results [8] which evidenced the phenomenon of negative refraction in metallo-
dielectric metamaterials. The aim of this section is to show that this paradox can be
explained by the limits of validity of the homogenization process for bounded objects made
with metamaterials. It has been shown that the evanescent and anti-evanescent waves play
a vital role in the existence of a singularity of the field inside and below the slab. Let us

introduce the transverse wavelength




2

T of such a wave,  being the propagation

constant on the x axis of this evanescent or anti-evanescent wave. This transverse
wavelength is the period of the field on the x axis. In the experimental devices, the
metamaterials have a periodic structure, with a period 6 times smaller than the wavelength of
the light [8]. Let us denote by d the period of the metamaterial (we assume for simplicity that
the periods on the x and y axis are identical). As far as the transverse wavelength T remains
much greater than the period d, one can predict that the homogenization process, which
assumes that the heterogeneous material can be replaced by an homogeneous material with
effective relative permittivity and permeability (here equal to -1) is valid. On the other hand,
when the order of magnitude of T approaches or becomes smaller than d, obviously the
homogenization process fails since the field presents variations at the scale of the period of
the structure. This phenomenon is very well known in the domain of near-field microscopy.
The use of optical antennas placed very close to a rough surface allow the specialists of this
technique to generate incident fields containing evanescent waves with transverse
wavelengths very small with respect to the actual wavelength of the light source. As a
consequence, they are able to determine details of the roughness less than 10-2 or 10-3

wavelengths. This is the proof that the phenomenon of scattering generated by such incident
waves on a rough surface is strongly influenced by the asperities, even though they are
much smaller than the wavelength. In our case, the period of the metamaterial plays the
same role as the size of the asperities.
Furthermore, some specialists of homogenization process have stressed the limits of the
notion of effective medium for bounded objects. In contrast with most of the studies in this
field, which assume that the heterogeneous material is unbounded and that the wavelength
tends to infinity, they keep constant the bounded shape of the object and the wavelength,
while the period of the heterogeneous material tends to 0. In our case, the interfaces of the
slab allow propagation of evanescent and anti-evanescent waves along the x-axis and this is
the origin of the failure of homogenization process. On the other hand, in a given range of
values of , the transverse wavelength is much larger than the period of the crystal and the
homogenization process is valid. This property allows us to predict that, even though the
perfect lens cannot exist, slabs of left-handed materials could provide a means to elaborate
lenses with very strong focusing properties, provided the period of the metamaterial is small
enough.
In that case, a part of the evanescent part of the incident field will contribute to the image
formation. Thus, the smaller the period, the better the resolution. As a consequence,
Rayleigh limit does not hold.

4. Conclusion.
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In conclusion, a rigorous electromagnetic analysis of the field transmitted inside a slab of left-
handed material illuminated by a monochromatic field has allowed us to prove that this slab
cannot act as a perfect lens, since a material with both relative permittivity and permeability
equal to –1 is able to produce point sources in the transmitted field and thus violates basic
principles of electromagnetism. It must be noticed that this result was obtained from two
approaches, using respectively the analytic continuation of the field inside the slab and the
behavior of the integral representing the field inside and below the slab. However,
considerations about the notion of effective media have shown that it is not correct to use the
macroscopic notion of effective permittivity or effective permeability when evanescent waves
propagate on the surface of a metamaterial with a transverse wavelength which approaches
the period of the metamaterial. The limitation imposed by the heterogeneous structure of the
material appears to be stronger that that coming from losses. From this conclusion, it turns
out that meta-materials could have very interesting focusing properties, provided that the
elementary cell of the metamaterial is small enough. In our opinion, this conclusion could
reconcile the experimental observations with theoretical predictions.
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Abstract
Optics has emerged as a major "topic" in modern science and engineering. In fact, optics is
playing an ever more important role in the world's economy and in medicine, as well as in
military systems. However, in most academic institutions, optics (or any of its more
contemporary names, such as photonics, quantum electronics, electro-optics, laser science,
etc.) is confined to a course or two within the more "traditional" disciplines of physical science
and engineering. In the language of mathematics, optics has not been considered as one of
the base vectors (i.e., disciplines) used to define academic institutions. A notable exception
is the emergence of the first college at an American University, the College of Optics and
Photonics at UCF, devoted to optical science and engineering. The evolution of the
academic research center CREOL (initially the Center for Research in Electro-Optics and
Lasers) into a center devoted to research and education, to a School of Optics, and now the
College of Optics and Photonics, will be reviewed.

Summary
Early History: FTU to UCF
The story of the College of Optics and Photonics begins with the establishment of Florida
Technological University (FTU) in Orlando, Florida in 1968. FTU was founded in response to
the increasing population in Central Florida (a triangular region with the cities of Orlando,
Daytona Beach, and Melbourne at its points) and the emergence of technology-based
industries in the aero-space economic sector.

The initial magnet that attracted high-tech industries was the establishment of America's
Space Port at Cape Canaveral (about 75km east of Orlando and the location of the
aerospace giant Martin Marietta, approximately 25km to the south of the center of Orlando.
The subsequent growth of America's space program fueled the need for a scientific and
engineering workforce to support what would become the Kennedy Space Center (KSC).
Pressure from the community and business interests resulted in the Florida Legislature
establishing FTU as primarily an engineering school and locating it in East Orlando (20km
from the center), approximately midway between the Martin Marietta facility and Cape
Canaveral.

FTU was established to meet community needs for an educated workforce. This
fundamental idea of integration of the university into the economic fabric of the Central
Florida region is the guiding principle behind the university's growth and development and
continues to guide the university's development to this day.

The next critical event in the Central Florida region was the decision by Walt Disney to
establish a major "theme park" or tourist center, Disney World, near the Martin Marietta
facility. This sparked the explosive growth of the population of the region, which continues
today. The large influx of new arrivals was not the elderly retired people witnessed in other
parts of Florida. Rather, large numbers of young families began to arrive in large numbers.
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This growth, in turn, fueled the need for access to higher education for these new citizens.
This need included not only engineering, but also business, the social and physical sciences,
education, and all the professions associated with a rapidly growing community. Thus, the
mission of FTU expanded beyond engineering and the university's name was changed in
1978 to the University of Central Florida (UCF) to reflect this broader mission.

Today UCF is the 8th largest university in the United States, with an enrollment of over
45,000 students. The university self-identifies itself as a "Metropolitan Research University".
This is defined to mean that the university endeavors to weave itself into the economic,
cultural, and social fabric of the region, in which it is located.

From Reactive to Proactive
UCF (FTU in the beginning) was formed in reaction to the needs of the aerospace industry
and the NASA Kennedy Space Center (KSC) at Cape Canaveral. By the mid-1980s Central
Florida had evolved into a major tourist destination. The primary components of Florida's
economy were tourism, agriculture (primarily citrus), building (associated with the large
increase in population) and technology-based industry, a distant fourth. By far the fastest
growing sector was tourism, which is dominated by low wage service jobs.

In the mid-1980s Florida's Governor, Bob Graham, recognized that the state's economy was
becoming more and more one-dimensional in its dependence on low-wage service jobs. He
formed a group called the Florida High Technology and Industry Council (FHTIC), made up
of industry and business leaders to identify ways to boost Florida's technology-based,
wealth-producing industry.

The FHTIC produced two major recommendations:

Establish a source of funds for competitive applied research programs at the states'
universities to be conducted in partnership with the state's tech-based

industry.

Establish research centers at the states' universities to add research infrastructure and
expertise in key areas to support existing and emerging tech-based industry. These centers
were meant to be placed near the industrial centers in the state. Lightwave technology
(optics) was identified as a key industry sector for concentration by the FHTIC, and that
group recommended that the state should "form CREOL (then called the Center for
Research in Electro-Optics and Lasers) to provide Florida's high-tech industries with access
to research students and faculty in advanced areas of optical and laser sciences."

Recommendation (1), the applied research program, was funded by the Florida Legislature in
1985. A project was established to address all aspects of diode-pumped lasers. The
University of South Florida (Tampa) was tasked with growing single crystal fiber laser
sources, the University of Florida (Gainesville) was tasked to develop laser diodes, and UCF
was tasked to do the "system," i.e. all aspects of laser design and integration. The lead
scientist at UCF, Professor Ronald Philips used the resources allocated to UCF to fund
CREOL and a variety of projects, most of which were only partly related to the diode-
pumping project. This caused a few problems (particularly with the industry group tasked
with oversight), however, CREOL was born!

Formal Approval of CREOL
The 1986 Florida Legislature appropriated $1.5MM of recurring funds for the UCF budget to
support CREOL.
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A key factor in the evolution of the College of Optics and Photonics was this commitment of
recurring funds that allowed new tenure-earning and tenured faculty to be hired. A stable
base of institutional support is absolutely essential for the long-term success of any
academic enterprise.

A second key factor was that the legislative appropriation came to the university as "block" or
"line-item" funds not connected to enrollment of the university and the student credit hours
generated from the courses taught by the faculty. This allowed the faculty positions
established through the CREOL funds to be structured so as to allow faculty to develop
internationally competitive research programs.

To understand the significance of the latter point, one must realize that UCF considered itself
primarily a "teaching" institution. Faculty teaching assignments were two- to three-times that
of the top state supported universities (such as the University of California System) in the
United States. If CREOL were to have any chance to accomplish its legislative mandate,
then it was essential that the work environment and assignments be competitive with the
best of the United States' universities.

Some Dark Days
The author arrived at UCF on January 2, 1987, as the first Director of CREOL. On that very
day advertisements were written to recruit faculty and students.

The second order of business was to examine the budget and laboratory facilities for the yet-
to-be-hired faculty. The CREOL funds had been dispersed to a variety of university
departments to fund self-described "CREOL research projects" and CREOL had been
allocated a suite of three offices and a doublewide mobile home for laboratory space!

The grand plan to "kick start" CREOL was to move a fairly successful research group (Eric
Van Stryland, Dave Hagan, the author, and seven graduate students) en masse from the
University of North Texas to UCF. The doublewide just would not accommodate the people
or the 42,000 pounds of optics tables and other equipment to be moved…much less the 
additional 13 faculty to be hired. On the other hand, the additional 13 faculty would not be an
issue if the CREOL budget could not be re-captured.

Thus began some really dark days for the Director: a new center that had no space and
whose budget had diffused out to other worthy causes. The Director's wife and children were
back in Texas. His colleagues, students, and laboratory equipment was in Texas as well.
The administration was at war with the Director it had just hired. The industry leaders, the
legislature, the senior university leadership, and the Director were all focused upon a new
unit that would bring new faculty to the University. However, many of the existing faculty,
department chairs, and deans saw CREOL as a source of funds to relieve their funding
shortages that characterized the rapidly growing university. Efforts to regain control of the
CREOL budget resulted in a request by a group of department chairs to the UCF Provost to
remove the Director.

The continued encouragement of my colleague Professor Ron Phillips, the support of the
UCF Provost (Dr. Richard Astro), the support of business leaders from Florida optics
companies (most notably the late Dr. Bill Schwartz of Schwartz Electro-Optics), and the still
present opportunity to build an academic unit devoted to optics somehow all helped CREOL
to "stay the course" in those early months.
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"The Texans"
The next problem was to "ransom" our equipment from the University of North Texas (a story
in itself!). Somehow problems were solved and on a nice Saturday in April 1987, a Texas
caravan arrived with two moving vans full of optics tables and lasers, seven graduate
students, Dave Hagan (presently Associate Dean of the College of Optics and Photonics),
and Eric Van Stryland (presently Dean of the College of Optics and Photonics/CREOL and
President-Elect of the Optical Society of America).

The arrival of the "Texans" was critical to the success of CREOL. UCF was a fledgling
university -- first graduates were in June 1970 -- with little expertise in leading edge research
or graduate programs. The "Texans" brought competitively funded research projects, full-
time graduate students, and fully equipped laboratories. At CLEO in May 1987, there were
many papers from our new organization, and the fledgling staff of CREOL was working the
halls and receptions at CLEO to recruit more faculty.

The good news was that the "Texans" allowed CREOL to show instant success. The bad
news was that they had consumed all the laboratory space that could be begged, borrowed,
or stolen from other units on campus, and nobody was in the mood to provide more.
Furthermore, it was realized that no matter how much blood was spilled, there was simply
not enough space available on the campus that had 16,000 students enrolled and was
growing to over 45,000 in the Fall of 2005. The solution to this dilemma was to move
CREOL to rental space in the Central Florida Research Park -- adjacent to the main UCF
campus. By the summer of 1987, build-out of laboratory space for CREOL in the Research
Pavilion was underway. During the Christmas-New Year holiday of 1987, CREOL's "Texans"
moved again. If nothing else, CREOL faculty and students would be experts in moving
optics tables!

The move off campus had many drawbacks. Among these was the lack of chaos of a
university and the opportunity for casual contact with faculty from different disciplines.
However, in retrospect, exile was probably a good thing. As previously mentioned, the "line-
item funding" of CREOL allowed us to structure faculty duties consistent with those at top-
tiered universities. This caused much resentment among colleagues outside of CREOL.
Being out of sight helped to diffuse the issue. Once the space problem was adequately
addressed, CREOL turned its focus to the hiring of faculty, the recruitment of students, and
the development of graduate curricula in optics.

Hiring of CREOL faculty
CREOL reported to the Vice President for Research. There was no provision for the granting
of tenure in the Center. Faculty were to be hired with CREOL funds and positions with
tenure, or tenure track, decisions had to be made in one of the traditional academic units.
The plan was to recruit faculty in optics and present them for approval in specific units. The
traditional units -- physics, electrical engineering, etc. -- said, "No, give us the positions, we
will recruit, and you can elect to accept or reject those faculty, which we decide to hire."
Much of the gray in the author's beard stems from this great debate! The view that CREOL
should recruit its faculty prevailed, but the debate was re-kindled every time a new
department chair or dean was hired. Part of the problem was that some of our faculty
recruits just did not "fit" into any of the UCF departments, e.g., faculty with Ph.D's in geology,
nuclear engineering, and optical science. This was one issue, which was never totally
resolved until the School of Optics was formed in 1998. However, we did arrive at a
workable, simple 25-step hiring process that allowed us to proceed.

Growth Years
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And proceed we did! Table 1 shows the chronological ordering of the hiring of CREOL
faculty. We fanned out to all the major optics-related conferences and worked the
employment centers and the networks of colleagues.

In the early days, we had few top applicants from junior faculty. In addition, we realized that
senior faculty brought their reputations, students, and equipment (sometimes) with them. We
had a broad plan to hire in various areas of optics to give the proper breadth to our education
program. In the end, most of the early hiring was determined by what I call targets of
opportunity. We would pick up vibes that a person was at least thinking of leaving his or her
institution. We would then invite the person to visit and give a seminar. If we liked what we
saw, then we put on the pressure for them to formally apply. We wined and dined the
candidates. I took them on boat trips to see Florida wildlife. (Ask Pete Delfyett to tell you
about our alligator-stalking trip or Alan Miller about being caught in a large thunderstorm in a
canoe!)

We landed some candidates and some got away. Either way, we spread the word that we
existed, that we were doing good work, and that we were hiring.

Building a Sense of Community
CREOL faculty were tenure-tracked in a number of departments and our optics course
offerings and degree programs were offered through a variety of units. This made it
important to do things that would build a sense of unity in the optics faculty and students.
Among the things we did to build identity were:

 instituted self-governance, which included an Executive Committee to advise the
Director, and annual peer appraisal of CREOL faculty.

 instituted student recognition, complete with a formal "Certificate of Appreciation" for
all our graduates (until the school was formed the formal degrees were awarded by
the university's traditional units).

 published a newsletter "CREOL Highlights" that is distributed internally and to the
external community. (Any CREOL alumni out there not receiving Highlights, contact
the College of Optics and Photonics to get on the list.)

 established a tradition of family gathering, i.e., the CREOL Spring Thing, held the
Saturday following the spring SPIE Aerosense meeting in Orlando.

 encouraged the faculty to be active in professional society activities and the students
to form student chapters (We have student chapters of OSA, SPIE, and LEOS, plus
CAOS –the CREOL Association of Optics Students, which includes the members of
all the student chapters.).

Move Back to Campus
December of 1995 found us once again using the holiday season to move optics tables, this
time to our beautiful, 82,000-square-foot building located on the exact spot of the old
doublewide trailer. By this time, the Center had grown to more than 150 students, staff, and
faculty. We reckon we moved about an acre of optics tables! In January of 1996, the Board
of Regents approved MS and Ph.Ds in Optical Science and Engineering.

The School of Optics
In the Spring of 1996, we convinced an external review panel (Art Guenther, University of
New Mexico; Bob Shannon, University of Arizona; and Brian Thompson, University of
Rochester) to review our progress, structure, plans, and programs. The key
recommendation of this panel was that CREOL should be made into an academic unit with
its own degree programs, tenure of its faculty, etc. That sparked an intense campus wide
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debate. The arguments for the establishment of the school were simple: 1. Optics has
become a discipline unto itself; and 2. The CREOL faculty recruited the students, taught the
formal classes, secured the funding for the student stipends, supervised the students
dissertations, and helped them in jobs upon graduation. Simply put, we were already doing
all the functions of an academic unit, so why not give us that designation?

On February 18, 1998, Provost Gary Whitehouse, with the support of President John Hitt,
announced the approval of the School of Optics, and on September 11, 1998, the Board of
Regents gave its formal approval to the School. On January 11-12, 1999, the School of
Optics Inaugural Conference was held and attended by many leaders from the optics
community, including three Nobel Laureates. The author stepped down from the director's
position on July 1, 1999, to become Vice President for Research at UCF.

Eric Van Stryland became Interim Director of the School of Optics/CREOL on July 1, 1999,
and was named Director on July 1, 2000.

The College of Optics and Photonics
The School of Optics/CREOL soared to new heights under the leadership of Eric Van
Stryland. In the Spring of 2002, Florida Governor Jeb Bush proposed a new initiative to
establish Centers of Excellence at Florida's universities to help stimulate and grow Florida's
tech-based economy. The legislature appropriated $30MM (the governor had requested
$100MM) to establish three such centers.

This new initiative was identical to CREOL in its approach and goals. The School of
Optics/CREOL proposed that the Florida Photonics Center of Excellence (FPCE) be
established in the School of Optics. Sixteen proposals were submitted and Florida's
Emerging Technology Commission ranked the FPCE proposal first, resulting in a one-time
influx of $10MM, of which $3MM was used to endow Eminent Scholar Chairs.

The optics faculty at UCF continued to produce outstanding accomplishments in research.
Our students were highly sought after, particularly by industry. The optics enterprise at UCF
had grown to a budget of approximately $20MM /year.

However, problems remained. Among these was the fact that the School of Optics and its
academic programs reported to the Vice President for Research (the position was then and
is currently held by the author). This did not set well with the more traditional faculty and
administrators at the university. UCF had grown to exceed 40,000 students but had the
same administrative structure of five colleges that it had when it had been less than half this
number of students.

Two other units had grown in size and complexity that strained the existing administrative
structure. One of these, the Biomolecular Science Center, had been granted authority to
award tenure, a structure very similar to that which served the Optical Science Center at the
University of Arizona well for many decades, and that caused much controversy in the UCF
Faculty Senate.

In this context the Director of the School was limited by the university personnel policies in
hiring and promoting its staff. The title "Director" is very common throughout the university,
e.g., Director of the University Book Store, etc. The title "Dean," on the other hand, comes with
great authority and prestige at UCF.

Provost Terry Hickey solved all these problems by announcing three new colleges:
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 the Rosen College of Hospitality Management
 the Burnett College of Biomedical Science
 the College of Optics and Photonics.

These three new colleges report directly to the Provost.

The author had much detailed involvement in the development CREOL, the School of Optics,
and UCF Optics degree program. However, he was not part of the decision to form the
college, other than to lobby that Eric Van Stryland should be allowed to promote his
administrative assistant to a position reserved for Dean's assistants.

Eric Van Stryland was named Dean of the new college and has led it to new heights of
accomplishment and prominence. The new structure has brought new resources and
opportunity for CREOL's faculty and students.

Most importantly, the new college has placed optics research and education in a more stable
structure with a much louder voice. The new college can better interact with its peer colleges
at UCF, and position the faculty to develop undergraduate degrees in optics, should they
choose to do so.

The granting of optics the status of a college is important recognition that optics is one of the
"basic vectors" that define a modern university. Without question, this signals the recognition
that optics is, indeed, a discipline unto itself, rather than a subset of other fields.

Faculty Accomplishments
There are many things discussed that were key to the development of the College of Optics
and Photonics. None of these are as important as the simple fact that our faculty have
distinguished themselves among their peers world-wide. All of the tenured faculty are
Fellows of the professional societies that serve the optics community and serve in positions
of leadership in organizations such as SPIE, OSA, IEEE-LEOS, etc. Examples of
outstanding accomplishments are too numerous to list but include seminal works that are
among the top cited literature in optics in diverse areas such as: new optical
characterizations techniques; fundamental advances in laser-matter interaction; new laser
sources; display systems; imaging; integrated optics/photonics; ultra-fast spectroscopy; new
optical materials; etc.

The previous discussions in this paper all speak to setting up the boundary conditions so that
faculty can best pursue their scholarship and educate their students. However, what have
been most significant in the evolution of the colleges are the specific accomplishments of our
faculty, staff, and students. The world's scientific community, through its recognition via
awards, citations of work, and participation in our programs, has confirmed our position
among the top organizations in our discipline. The Florida business and political leadership
has recognized our commitment to economic development by the award of the Florida
Photonics Center of Excellence. New companies have been born from the intellectual capital
developed at CREOL.

In summary, promises of excellence in scholarship, in the education of students, and the
development of economic opportunity have been met by our faculty. Without such
accomplishments, all arguments about administrative structure and academic disciplines are
of no consequence.

The Future
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Of course, this chapter is yet to be written. There are now 26 faculty and about 150 graduate
students in the College of Optics and Photonics. The faculty supervises students in the
optics MS and Ph.D programs, as well as students in physics, electrical engineering,
mechanical engineering, computer science, and other disciplines wanting to do a dissertation
in optics. The faculty also offers undergraduate "minors" in optics through the department of
physics. The College of Optics and Photonics/CREOL remains dedicated to its original
mission of aiding the development of optics-based industry, by providing an educated
workforce, research partnerships with industry, tech transfer –including spinning out new
companies, and fundamental research that forms the base for future optics-based industry.

The future of the College of Optics and Photonics/CREOL is linked to the bright future for
UCF. The idea that spawned CREOL –partnership with industry and the community –is
central to the UCF culture. The university is making great progress in graduate education
and research activities in many disciplines. This is providing the College of Optics and
Photonics many opportunities to team with colleagues in such diverse disciplines as human
factor psychology, materials science and engineering, bio-molecular sciences, information
technology, simulation and modeling, digital media, etc.

In summary, the College of Optics and Photonics/CREOL has been an important seed in the
growth of UCF. As UCF matures and grows, new opportunities are presented for optics.
The Central Florida region has recognized the economic benefit of a top-tiered research
university blossoming in its midst. UCF and the region are poised to be major players in this,
the century of the photon!
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TABLE 1. Chronology of Hiring College of Optics and Photonics Faculty

College of Optics & Photonics: CREOL & FPCE Faculty

Faculty Member Position Date of Hire Comments

Soileau, MJ VP Office of Research
and
Commercialization,
Professor of ECE &
Physics

12/1986 First Director of
CREOL and
School of Optics

Lin, Jui-Teng Associate Professor
of Physics

01/1987 Left to start a
company

Van Stryland, Eric Dean and Director,
Professor of Optics,
Physics & ECE

03/1987 Second Director
of the School of
Optics/CREOL

Hagan, David Assoc Dean of
Academic Programs
& Professor of Optics,
Physics & ECE

05/1987

Bass, Michael Emeritus Professor of
Optics, Physics &
ECE

11/1987 Hired as VP for
Research in 1987

Guenther, Karl Associate Professor
of ECE & Physics

12/1987 Deceased

Moharam,
Mohamed "Jim"

Professor of Optics &
ECE

12/1987

Elias, Luis Professor of Optics &
Physics

06/1988 Retired

Kim, Jin Professor of Physics
& ECE

06/1988 Left for a position
in Korea

Chai, Bruce Professor of Optics
Physics & MMAE &
ECE

01/1989 Left to start a
company

Miller, Alan Professor of Physics
& ECE

01/1989. Left for position at
St. Andrews,
Scotland

Li Kam Wa, Patrick Associate Professor
of Optics & ECE

09/1989

Dixon, George Assistant Professor of
ECE

12/1989 Left to pursue
other
opportunities

Silfvast, William Emeritus Professor of
Optics

01/1990

Richardson, Martin Professor of Optics,
Physics & ECE

04/1990

Stickley, Martin Assoc. Dir of
Industrial &
Governmental Rel. &
Sr. Research Scientist

07/1990 Retired

Stegeman, George Professor of Optics, 07/1990
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Physics & ECE, Cobb
Family Chair

Boreman, Glenn Professor of Optics &
ECE

08/1990

Harvey, James Associate Professor
of Optics & ECE

09/1990

Richardson,
Kathleen

Associate Professor
of Optics Chemistry &
MMAE

08/1993 Left for a position
at Clemson
University

Delfyett, Peter Professor of Optics &
ECE

12/1993

Kar, Aravinda Associate Professor
of Optics, MMAE &
ECE

03/1994

Zel’dovich, Boris Professor of Optics &
Physics

08/1994

Jenssen, Hans Sr. Research Scientist 09/1994 Retired
Riza, Nabeel Professor of Optics &

ECE
02/1995

Glebov, Leon Sr. Research Scientist 09/1995
Rolland, Jannick Assoc. Professor of

Optics, ECE &
Computer Science

03/1996

Dogariu, Aristide Associate Professor
of Optics

08/1997

Li, Guifang Professor of Optics,
Physics & ECE

09/1997

Wolf, Emil Provost's
Distinguished
Research Professor

01/1998

Johnson, Eric Associate Professor
of Optics

01/2000

Siders, Craig Assistant Professor of
Optics

08/2000 Left to join
Livermore
National Lab

Wu, Shin-Tson PREP Professor of
Optics

07/2001

Christodoulides,
Demetrios

PREP Professor of
Optics

08/2002

Kuebler, Stephen Assistant Professor of
Chemistry & Optics

08/2003

Kik, Pieter Assistant Professor of
Optics

09/2003

Busch, Kurt Associate Professor
of Physics & Optics

12/2003 Returned to a
position in
Germany

Schoenfeld, Winston Assistant Professor of
Optics

05/2004

Deppe, Dennis Professor of
Optics/FPCE Trustee
Chair

06/2005
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Ref ETOP076

Certificate in Optics and Photonics

Roger A. Lessard and Michel Paradis

Department of Physics, Engineering Physics and Optics, Faculty of Sciences and
Engineering, Laval University, Quebec City (Quebec) G1K 7P4
Tel: 418-656-2152; Fax: 418-656-2040; E-mail: ralessard@phy.ulaval.ca

Abstract
This program has been designed for graduate students with bachelor’s degrees in 
engineering or science who possess a sufficiently high level of mathematics training. The
Purpose of the program is to prepare those students for work in activity sectors linked to
optics, photonics and optical communication. Participants receive theoretical and practical
scientific training based principally on physics, physics engineering and optical
telecommunications. More specifically, the program enables students to acquire thorough
knowledge and skills in electromagnetism, laser, fibre optics, photonics, optical
communications and opto-mechanical design. This presentation will describe the program
structure, general and specific objectives, courses and learning paths.

Key words
Optics, photonics, optical engineering, training

Summary
This undergraduate Certificate has been elaborated by Faculty of Sciences and Engineering
of Laval University. The Faculty has collaborated with the «Québec-Cité de l’optique» 
Corporation and the « Ministère des Finances, Économie et Recherche, Mission Industrie et
Commerce» Quebec Provincial Government to develop hard skills of Quebec workmanship
in optics and photonics domain. Partnership has also been organized with some regional
Colleges, the International Institute of Telecommunications (Montréal) and Québec University
in Outaouais.

Program structure and procedure
This is a 30 credit program comprising ten 3-credit courses drawn from among a range of 14
courses. A group of six courses constitutes the initial development block in optics and
photonics. This block forms a micro program, and the courses with which it is composed will
provide students with solid basic training in the subject.

Two learning paths lead off from this block. The first is a specialization in optics and
photonics, while the other constitutes a specialization in optical communications. The
development block and selected path together total ten courses and lead to a certificate.

Originally, the program was designated to adults wishing to reorient their careers or to
workers in the domain wanting to develop further skills. By now, the different courses will be
integrated in the regular undergraduate engineering and science curriculum.

Pedagogical approach has been diversified: andragogy, equilibrium between concepts and
practical elements and different applications, case studies, situation scenarios, laboratories,
apprenticeship by peers...

General program objectives
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On completion of the program, the student will:
 Understand the theoretical and practical basis of optics and photonics;
 Be familiar with the technologies related to the various fields of application of optics

and photonics;
 Use acquired knowledge to help design and implement systems in the different fields

of application of optics and photonics;
 Analyze complex optics and photonics problems using various computer-based tools,

particularly simulation software specific to this domain;
 Apply the fundamental concepts related to optics and photonics instrumentation and

laboratory techniques.

Special program objectives
On completion of the program, the student will specifically be able to:
A) Core Curriculum in Optics and photonics Micro Program
1. Explain the basic theoretical and practical concepts related to the field of electrostatic,

magneto static and electromagnetism, as well as the mathematical formalism associated
with it.

2. Explain the basic theoretical and practical concepts related to the field of geometrical
optics through the study of simple optical set-ups and instruments (classical optics).

3. Apply Maxwell’s theory of electromagnetism to the domain of wave optics from the
following perspectives: emission, propagation and guidance through various medias,
wave reception, as well as polarization, interference and scalar diffraction phenomena
(classical and wave optics).

4. Apply the theoretical and practical concepts related to optical guidance to concrete
problems affecting fibre optic components or systems.

5. Apply the basic concepts related to the operation, characteristics and applications of
lasers.

6. Explain the operating principles of optics and photonics devices for emitting, controlling
and detecting light and their applications (optoelectronics).

B) Specialization in Optics and Photonics
7. Solve various problems involving the main phenomena of diffraction optics using
Fourier’s mathematical formalism (Fourier optics and diffractive optics).

8. Design, integrate and evaluate optical systems taking into account primary theoretical
and practical issues (optical design).

9. Apply optical design methods in order to create an operational opto mechanical system
which takes into account environmental effects, the mechanical properties of materials
and the tolerances imposed by the optical system (opto mechanics).

10. Apply the fundamental concepts of both classical and wave optics using set-ups based
on instrumental optics (optics and photonics laboratory).

C) Specialization in Optical Communications
7. Use theoretical and practical concepts to design optical communications systems and

predict their performance.
8. Apply concepts related to networking and optical communication system architecture.
9. Summarize the technological and economic issues relating to the present and future

installation of telecommunications systems (the optical telecommunications industry).
10. Apply experimentally the concepts of optical communications and its principal testing and

measurement techniques (optical communications laboratory).
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Ref ETOP077

From Einstein’s intuitions to quantum bits: amazing entanglement

Alain ASPECT

Abstracts
In 1935, Einstein discovered entanglement, an amazing property of quantum mechanics
which contradicted his world views. An intense debate with Niels Bohr followed, and was
settled only after the discovery by John Bell of the famous inequalities named after him.
Bell’s theoretical work stimulated experiments, nowadays accessible to university laboratory 
classes, which demonstrate that entangled twin photons remain a single global object even
when at a distance. We must take this conceptual revolution into account in our quantum
description of the world. Applications of entanglement are also on the way, and a new field of
research, Quantum Information, uses entanglement to develop applications as quantum
cryptography and quantum computing. It may well be that we are living a second quantum
revolution, which might change our society as strongly as the first quantum revolution did,
when it gave us the laser and the transistor (and integrated circuits) at the root of the
information and communication society.
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Ref ETOP078

Training in Practical Optics: From University to Secondary School

C. Pérez, M.I. de la Rosa, A.M. de Frutos, S. Mar, J. González Vizmanos, T. Manzano

Abstracts
Optics Group in the Faculty of Science at Valladolid University collaborates in training
secondary schools teachers in several aspects of Optics. This work is the result of a
continuous collaboration (since 1998) between our University and Ministry of Education. In
our country, long-life education of teachers is led by specific Centers depending on the
Ministry: CFIE. Our responsibility in this collaboration has consisted in planning and giving
different courses. As we have detected a lack of practical skills in the first level university
students, the aim of our collaboration has been to show practical aspects of Optics changing
blackboard by laboratory experiences

Summary
The Optics Group in the Faculty of Science at Valladolid University is not only responsible for
the education in different university studies such as Physics, Chemistry, or Optometry, but
also collaborates in training secondary schools teachers in several aspects of Optics.

This work is the result of a continuous collaboration (started in the year 1998) between our
University and the Ministry of Education (Ministerio de Educación y Cultura). In our country,
long-life education of primary and secondary teachers is led by specific Centers depending
on the Ministry: Centros de Formación del Profesorado e Innovación Educativa (CFIE). At
least one of those centres exists in each province. Our responsibility in this collaboration has
consisted in planning and giving courses in different provinces of the region.

In order to define the main goals of our work, we have verified that in the curricula of
Secondary Education there are included the basics of Geometrical and Physical Optics.
However, we have detected a lack of practical skills in the first level university students. For
this reason and due to the short duration of the courses, practical aspects of Optics have
been the aim of our collaboration, i.e. to substitute blackboard by laboratory experiences.
These courses are held in secondary schools, this means in the real stage; and to reach
higher effectiveness, we have designed all the experiences with the basic equipment, that is
found in almost every secondary school all over the country.

The previous considerations result in the main aims of the collaboration which are the
following:

• To contribute to the scientific actualization in Optics of secondary school teachers
• To do straightforward laboratory experiences easy to translate to the classroom
• To give strategies and methodologies that contribute to improve the teaching of
experimental Optics
• To give information available via Internet in all aspects connected with Optics and
Science in general
• To deepen in new aspects of the curriculum of Optics

We have taken part in two different types of courses: some of them devoted to Optics and
some others in which Optics was only a part of a more general course of Physics and
Chemistry. As an example we provide with a brief program of a typical Optics course (40
hours duration), and at the Conference we will show a more detailed scheme:
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• Geometric Optics I: Fundamentals
• Geometric Optics II: Instruments
• Wave Optics I: Fundamental and Instruments
• Modern Optics

At the end of each course, CFIE organizes a final written evaluation in which school teachers
can express freely their opinions about all aspects of it. Normally teachers seem to be happy
with all they have learned, but they doubt if they will be able to put all this knowledge into
practice. In future collaborations, we plan to do a posterior research of the activities of
participants, in order to know the effectiveness of our teaching, and even, if necessary, to
give subsequent help.
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Ref ETOP079

From Laser Spectroscopy Research to Nonlinear Optics Instruction

M.I. de la Rosa, C. Pérez, K. Grützmacher

Abstracts
In this paper we describe how to join the two fundamental activities of a university professor:
research and teaching. The work of our research team is devoted to the applications of two
photon polarization spectroscopy to plasmas and combustion processes diagnostics. As a
result of this work now we have powerful equipment and experience on nonlinear processes.
Therefore, we decided to offer Nonlinear Optics as an elective subject, to the students in the
last year of the Physics Degree at Valladolid University. We conclude that research at the
University acquires its total significance when it is applied to the student’s instruction.

Summary
In this paper we describe how to join the two fundamental activities of a university professor:
research and teaching. The work of our research team in the last years has been devoted to
the principle, development and applications of a new laser spectroscopic technique: two
photon polarization spectroscopy. This method is suitable for the diagnostic of plasmas and
combustion processes, even in far off thermodynamic equilibrium conditions. The full
potential of this technique requires tunable pulsed high power UV laser radiation of single
longitudinal mode. To achieve this we modified a commercial laser system. From the
academic point of view, the whole experimental setup or some parts of it, especially the laser
spectrometer, can be very useful at different academic levels as Ph.D. or even with
undergraduate students.

The laser spectrometer consists of a 10 Hz injection-seeded Q-switched Nd:YAG laser
(Continuum, Powerlite 8000) and an OPO-OPA system (Continuum, Mirage 500). This laser
offers tunable radiation in the visible and near-IR range (426 nm to 2.12 &#61549;m). Then
by sum frequency generation (SFG) in a BBO crystal UV radiation can be obtained. As an
example of this conversion process, we are working now in the application of two-photon
polarization spectroscopy to the study of the 1S-2S transition in hydrogen, i.e. 243 nm
radiation. To get this wavelength, the second harmonic of the Nd:YAG laser (532 nm) is
converted into tunable SLM near-infrared radiation at 722 nm by frequency splitting in the
optical parametric oscillator (OPO) based on a Type II KTP crystal. The Mirage OPO uses a
patented grazing incidence grating oscillator, which generates SLM radiation close to the
Fourier transform limit. The OPO output is subsequently amplified in the optical parametric
amplifier (OPA)
based on two Type I BBO crystals pumped by the third harmonic of the Nd:YAG (355 nm).
Finally, 243 nm radiation is obtained by sum-frequency generation (SFG) of the 772 nm and
the third harmonic in a BBO crystal. This system provides up to 10 mJ in 2.5 ns and 300 MHz
bandwidth.

Evidently, nonlinear effects in Optics offer the possibility of generating or manipulating light in
almost any way. The laser itself, producing light not available in nature, is the most obvious
example. Therefore, with our powerful equipment and experience, we have decided two
years ago to offer Nonlinear Optics as an elective subject, to the students in the last year of
the Physics Degree at Valladolid University. The main goal of this new subject is the study of
some fundamental topics of Nonlinear Optics. Besides, the field of nonlinear interaction of
light and matter is progressing quickly and new applications with strong economic and social
implications can be expected. This fact adds a great excitement to the student’s instruction.
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A brief description of the main topics of the Nonlinear Optics course appears below:

1. General remarks
2. Nonlinear Susceptibility Tensor
3. Second order effects
a Generation of the second harmonic
b Frequency mixing
c Parametric amplifiers and oscillators
d Pockels’ effect
4. Third order effects
a Generation of the third harmonic
b Raman techniques
5. Introduction to tunable pulsed lasers

The practical aspects are organized as follows:

1. Harmonic frequency generation from Nd:YAG laser in a nonlinear crystal
a Second harmonic: type I and II
b Third harmonic: type I
c Fourth harmonic: type I
2. Opto-parametric processes in nonlinear crystals
3. Laser spectroscopy: some examples

As a final conclusion we would like to remark that research at the University acquires its total
significance when it is applied to the student’s instruction. At the same time this kind of 
experiences contributes to improve our own research, as we realize in everyday educational
tasks.
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Ref ETOP080

Popularisation of Optical Phenomena: Establishing the First Ibn Al-Haytham
Workshop on Photography

Hamid-Eddine Bouali 1, Mourad Zghal 1,2 and Zohra Ben Lakhdar 1

1 Optical Society of Tunisia, Physics Department, Faculty of Sciences of Tunis, Campus
University, Tunis 1060, Tunisia
2 Sup’Com, Cité Technologique des Communications, 2083 Ariana, Tunisia
Phone: +216 71 857 000; Fax: +216 71 856 829; mourad.zghal@supcom.rnu.tn

Abstract
Within the framework of its scientific activities, the Optical Society of Tunisia organized the
first photographic workshop called Ibn Al-Haytham session. This activity enabled, through
conferences, the evocation of the research done by one of the most distinguished and prolific
mathematicians in the medieval tradition of Arabic Islamic science. The camera obscura that
he thoroughly studied was the theme of a training where more than twenty participants build
and used this basic camera. The adopted training approach based on active teaching and
learning made possible the achievements of interesting results in spite of the heterogeneity
of the group of trainees.

Keywords
Training, optics, photography, Ibn Al-Haytham

Summary
1. Intrduction
Within the framework of its scientific activities, the Optical Society of Tunisia organized the
first photographic workshop called Ibn Al-Haytham session. This activity enabled, through
conferences, the evocation of the research done by one of the most distinguished and prolific
mathematicians in the medieval tradition of Arabic Islamic science. The workshop started
with a conference dealing with the scientific achievements of Al-Hasan Ibn al-Haytham
(Latinized as Alhacen or Alhazen) who became known in Europe in the thirteenth century as
the author of a monumental book on optics, which Latin editions influenced Kepler and
Descartes. In his Kitâb al-Manâzir (De aspectibus), the eleventh-century scholar offered a
new solution to the problem of vision, combining experimental investigations of the behavior
of light with inventive geometrical proofs and constant forays into the psychology of visual
perception, all systematically tied together to form a coherent alternative to the Euclidean
and Ptolemaic theories of “visual rays” issuing from the eye. He established that rays of light 
start from the object to travel towards the eye, and not the reverse. Ibn al-Haytham also
explained the use of the camera obscura in observing solar eclipses. He established the
theorem of the cotangent in determining the direction of the Mecca. He correctly explained
the atmospheric refraction and the augmentation of the apparent diameter of the sun and
moon when they are near the horizon. He discovered spherical aberration. He determined
that because the Milky Way had no parallax, it was very remote from the earth and did not
belong to the atmosphere.

2. Training methodology
A basic photography training was then established for a group of twenty persons having their
ages vary between 12 and 50 years. The trainees were mainly composed of high-school
pupils and students but also teachers and administrators. This training was designed for any
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photographer just starting out. It contains 4 major lessons on how to build and use a camera
obscura using only sheets of paper.

2.1. Camera obscura: principle and history
The first two lessons were dedicated to the history of the Camera Obscura and on how to
construct it in a simple way. It was explained that, the Camera Obscura (Latin for Dark room)
was a dark box or room with a hole in one end. If the hole was small enough, an inverted
image would be seen on the opposite wall. This magic is explained by a simple law of the
physical world. Light travels in a straight line and when some of the rays reflected from a
bright subject pass through a small hole in thin material they do not scatter but cross and
reform as an upside down image on a flat surface held parallel to the hole. A demonstration
of this optical phenomenon was performed by the lecturer. This law of optics was known in
ancient times. The earliest mention of this type of device was by the Chinese philosopher
Mo-Ti (5th century BC). He formally recorded the creation of an inverted image formed by
light rays passing through a pinhole into a darkened room. He called this darkened room a
"collecting place" or the "locked treasure room." Aristotle (384-322 BC) understood the
optical principle of the camera obscura. He viewed the crescent shape of a partially eclipsed
sun projected on the ground through the holes in a sieve, and the gaps between leaves of a
plane tree. It is said that Roger Bacon invented the camera obscura just before the year
1300, but this has never been accepted by scholars; more plausible is the claim that he used
one to observe solar eclipses. In fact, the Arabian and scientist Alhazen (c.965 - 1039) gave
a full account of the principle including experiments with five lanterns outside a room with a
small hole. He described what can be called a camera obscura in his writings; manuscripts of
his observations are to be found in the India Office Library in London. In his essay "On the
form of the Eclipse" he wrote: "The image of the sun at the time of the eclipse, unless it is
total, demonstrates that when its light passes through a narrow, round hole and is cast on a
plane opposite to the hole it takes on the form of a moon-sickle. The image of the sun shows
this peculiarity only when the hole is very small. When the hole is enlarged, the picture
changes....".

The earliest record of the uses of a camera obscura can be found in the writings of Leonardo
da Vinci (1452-1519). In 1490 he gave two clear descriptions of the camera obscura in his
notebooks. Many of the first camera obscuras were large rooms like that illustrated by the
Dutch scientist Reinerus Gemma-Frisius for use in observing a solar eclipse at Louvain on
January 24, 1544 Later he used this illustration of the event in his book De Radio
Astronomica et Geometrica, 1545 (see Fig.1).

Figure 1. Camera Obscura by Reinerus Gemma-Frisius in 1544.
It is thought to be the first published illustration of a camera obscura
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The image quality was improved with the addition of a convex lens into the aperture in the
mid sixteenth 16th century and the later addition of a mirror to reflect the image down onto a
viewing surface. Once again Roger Bacon's name is associated with this; some have
claimed that it was he who invented spectacles. Gerolomo Cardano (1501- 1576), an Italian
mathematician, introduced a glass disc in place of a pinhole in his camera. It is claimed that
because Italian lenses were by-convex, they seemed to resemble the brown lentils they used
to make soup - so the lens came from the Latin for lentil. Giovanni Battista Della Porta (1538-
1615) in his 1558 book Magiae Naturalis recommended the use of this device as an aid for
drawing for artists. He published what is believed to be the first account of the possibilities as
an aid to drawing. It is said that he made a huge "camera" in which he seated his guests,
having arranged for a group of actors to perform outside so that the visitors could observe
the images on the wall. The term "camera obscura" was first used by the German
astronomer Johannes Kepler in the early 17th century. He used it for astronomical
applications and had a portable tent camera for surveying in Upper Austria. The development
of the camera obscura took two tracks. One of these led to the portable box device that was
a drawing tool. In the 17th and 18th century many artists were aided by the use of the
camera obscura. Jan Vermeer, Canaletto, Guardi, and Paul Sandby are representative of
this group. By the beginning of the 19th century the camera obscura was ready with little or
no modification to accept a sheet of light sensitive material to become the photographic
camera.

2.2. Construction of the camera obscura
The next step was to initiate the group to the fabrication of their own camera obscura using
only paper. The camera was designed to obtain an image which dimensions were 13x18 cm.
Due to the heterogeneity of the group, and as all this was very new for the trainees, the
lectures have to be pitched at the right level, using minimum mathematical formulas and
concepts and everyday illustrations. More than once, the attention of participants was drawn
to the following precautions such as quality of cutting of the edges of the hole that must be a
circle as perfect as possible; the two faces of the camera must be well parallels; the camera
has to be immobile while taking a photo, etc. Throughout the training, trainees discuss their
project progress; and suggestions are given as they report in front of other trainees. The
mentorship was enhanced by the relevance to optics to real life and the beauty that
photography can create. The students were beyond learning hard core optics to making their
own photography viewing results of their camera. The participants’ photos were discussed 
and exposed in the city of sciences of Tunis. At the end of the course, the participants
completed an optional exam that helped them better track their understanding of the
techniques of basic photography. An evaluation of the training was held at the end of the
activity and certificate of attendance were delivered to participants.

3. Concluding remarks
The methodology used to introduce new techniques and knowledge to a heterogeneous
group was based on an active learning. The training approach has been chosen to push
trainees to be active and to maximize their skills in optics and photography. The trainees
received theoretical instructions in a comprehensible way. They learn the conditions, and go
through the process of making a photograph of their favorite objects from start to finish.
Through their interactions with the mentors, trainees were better able to understand the
scientific way of thinking and doing things. The majority of participants enjoy the participation
to the activity. It has proven to be an unforgettable experience for all participants. The
second edition of this activity will focus on other aspects of photography such as digital
effects.
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Ref ETOP081

Biophotonics education and research in the FBME CTU , Prague

Miroslav Jelínek, Miroslava Vrbová

Abstracts
Basic information about Faculty of Biomedical Engineering CTU will be given. This new one
faculty is a part of Czech Technical University in Prague since 2005. The 5 –year study
(bachelour and magisterian) is oriented on the education of student in bioengineering. One of
the goal of the FBME CTU is the education of students in optics, biophotonics, lasers and in
applications of optics in biomedicine and biology. The details of training and research
activities will be given.
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Ref ETOP082

Optical communication modulator at 1.33µm for integrated optics applications

G.G.Sarate

Abstracts
Voltage tunable optical communication modulators using optical filter are now the most
important and advanced integrated devices in the field of integrated optics. The modulator
with central wavelength 1.33um is studied which works on wide range of wavelength. The
tunable wavelength can be achieved by changing voltage across electrodes. the design of
voltage tunable optical modulator using asymmetric directional coupler filter modulator with
strip of waveguide made up of Titanium in diffused in Lithium Niobate for various fabrication
parameters for central wavelength 1.33mm is studied. Matrix method, which is faster, is used
for computation of effective index. Based on this method the critical coupling length is
investigated. The work focused on studies of the directional coupler filter modulator at
wavelength 1.33mm .The response with maximum transfer efficiency. the effectiveness of
device by reducing coupling length and device length is studied.

Keywords
voltage tunable filter, 1.33µm, Ti:LiNbO3 waveguides

Summary
1. Introduction
In the recent past there has been a rapidly growing applications in the field of integrated

optics and various optical waveguids designs. The broad interest of these research and
experiments has been in field of microwaves applications and cable T.V. networks. In
present era, the requirements of telecommunication services and demand for higher
bandwidth have increased radically. Lithium Niobate (LiNbO3) external modulator provides
both required bandwidth and much-needed means of decreasing the effects dispersion.
Tunable linearized external modulators can provide very low modulation distortion. Advances
in LiNbO3 modulator device technology have enable stable operation over a wide range
temperature, very low bias voltage, and interference free devices. The device size could be
smaller offering easy tunability, simple fabrication process and higher signal to noise ratio
(S/N) ratio.

2.1 Principle of Operation
An asymmetric directional coupler used in a fabrication of filter consists of two adjacent
waveguides arranged such that the tail of field guided by one waveguide overlaps the other
waveguides as shown in Fig.1. The coupling between two waveguides occurs due to such
overlaps. When the light signal with power P1 is launched into waveguide 1 it will get
coupled to waveguide 2 over the coupling region.The coupling length lc is given by [2,8] ,
where &#946;e is propagation constant for even mode, &#946;o is propagation constant for
odd mode.
When an asymmetric coupler is used a propagation constant difference (&#948;) is involved
which is given by [1]. ,where &#946;1 and &#946;2 are Propagation constants of
waveguide1and 2 respectively.
It is also known that for the complete power transfer, parameter &#948; should be equal to
zero, i.e. maximum power gets dispersed from waveguide 1 to waveguide 2. If coupler
length L is equal to an odd multiple of lc (lc =2 &#960;/k), then coupling takes place in region
of 0 to lc in which the even and odd normal modes can propagate with propagation constants
&#946;1and &#946;2. The guided modes incident from waveguide 1 excites the even and
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odd modes in phase with the same amplitude at z = 0, where z is the point between 0 and lc,
the resultant electric field distribution of even and odd modes coincide with the electric field
distribution of guided modes in waveguide 2, thereby all power is coupled to waveguide 2. By
applying voltage to the electrodes the electrical tuning at centre wavelength occurs. This is
due to the change in waveguide refractive indices.

2.2 Ti-Concentration and Refractive Index Profile
A strip of Ti film deposited across Z-axis of Lithium niobate substrate and for such fabrication
the diffusion equation in X-Z plane can be written. in which external perturbations are
neglected and C (x,z,t) is Ti concentration and Dx and Dz are diffusion co-efficient along the
X and Z direction respectively.
An undoped crystal of Lithium niobate is transparent and birefringent. The refractive indices
of ordinary (no) and extraordinary beams (ne) can be obtained using the modified Sellmeier
equations [5],
Modified expression of Ti concentration obtained. in which dz and dx are the diffusion
lengths along z and x axis respectively. Co is initial Ti concentration.
where g(x) is error function

Design overview

Coupling Length
Critical coupling length (lc) is minimum length of a coupled waveguides, which is necessary
for complete transfer of power. Critical coupling length depends upon the thickness and width
of Ti strips, gap between the Ti strips in coupled region, diffusion parameters and
wavelength. For the computation of propagation constants and lc, matrix method is
implemented. The wave excitation efficiency (&#951;) in a waveguide is computed as a
function of &#946; by varying incident angle from &#952;c to 90.

Discussion:
The 1-D effective index profile [neff(x)] of waveguide for TMo mode is calculated for various
values of x and plotted for center wavelength 1.33 µm. The effective refractive index is
observed to be maximum at at wavelength. These values are essential for the computation
of the relation between centre wavelength & tuning voltage.The coupling length is found
2.2964 mm for L=2.31 cm and &#955;=1.33 µm .
The response for zero applied voltage is computed and plotted The responses show the
relation between wavelength and phase match efficiency. It is observed that the efficiency is
maximum at the designed wavelengths. The relation between filter central wavelength and
applied voltage is computed for both wavelengths. It is observed that the relation is linear.
This further indicates that the said device offers an excellent tunability over a wide range of
voltages between –5 to+5 V. The linear relationship is obtained between bandwidth and
various tuning voltages. The bandwidth found to be 39.651 nm for L = 2.31 cm, at 1.33µm.
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Abstract
We present the schematic representations for teaching the procedure of optical amplification
in erbium and praseodymium doped fiber amplifiers by using rate equations models. The
behaviour of these types of amplifiers is the same as three (for erbium ion) and four (for
praseodymium ion) levels atomic systems, respectively. Most of the important characteristics
of these amplifiers can be obtained from these simple models and their underlying
assumptions. Hence, we can make use of these approaches for teaching the purposes of
procedures in fiber amplifiers. For this aim, the gain performances of Er3+ and Pr3+-doped
fiber amplifiers are investigated at the educational level, using the temperature-dependent
rate equation model.

Summary
1- Introduction
Fiber optic technology has been advancing at a surprising pace during the last three
decades. It was about fifteen years ago that researchers showed the great potential of optical
fiber doped with the rare-earth elements such as erbium and praseodymium, for application
in long haul communications. Optical amplifiers have been successfully incorporated in the
field of fiber communication, accelerating the rate at which optical links are being deployed
over the continents and the transoceanics. Today, this technology is fast becoming a major
part of optical communications infrastructure in many countries around the world [1, 2].
Therefore, in order to learn this technology at university level, we need to understand the
procedure of optical amplification in fiber amplifiers from basic to advance. From this point of
view, the education and training programs will make easy to understand the procedure of
optical amplification in fiber amplifiers.

2- Schematic Representations of Amplification
This work will enable us to understand the basic physical concepts underlying three and four
level fiber amplifiers and obtaining the signal gain of amplifiers by using rate equation
models. Figure 1 shows the schematic representations of the energy levels and
amplifications mechanism for Er3+ (left hand side of picture) and Pr3+ (right hand side of
picture) ions doped in glass hosts.
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Figure 1: Energy levels and amplification mechanism for Er3+ (left hand side of picture) and
Pr3+ (right hand side of picture)-ions in glass hosts.

The energies and populations of three and four level amplifiers can be described by

0 1 2 21 22 3E , E , E ( E E ), E  and 0 1 2 21 22 3N , N , N ( N N ), N  , respectively, for the thermal
equilibrium. By definition, levels 0 and 1 are the lowest or ground state, level 2 is the

metastable state, and level 3 is the pump level. The stimulated transition probability pR
is

the probability of exciting the ion from level 1 to level 3 for erbium, and from level 0 to level

3 for praseodymium by pumping, and sR will be referred to the stimulated transition

probability between 2E and 1E .

 3
1 3 32 3

NR
p

dN
R N N γ N

dt
  

,

 2
2 1 21 2 32 3

NR
s

dN
R N N γN γ N

dt
   

,

   1
1 3 21 2 2 1p s

dN
R N N γN R N N

dt
    

,

3
0 3 32 3

NR
p p

dN
R N R N γ N

dt
  

,

22 21
0 0 2 22 22 21 32 3     NR

S S

dN dN
R N R N N γ γ N

dt dt ,

1
2 22 21 22 10 1S

dN
R N γN γN

dt
  

,

0
3 0 0 0 10 1Sp p

dN
R N R N R N γN

dt
   

.

Let us now consider the steady-state situation, where the populations are time invariant, i.e.,
0idN dt  ( 0 1 2 3i , , , );

2
211 2 2

p s

p s

R R
N N

R ( β)R( β)γ




   
,

21

21

γ
γ

p s
1

p s

R R
N N

R (1 2 ) R ( 2 )


 



   

; for Er3+-
doped fiber,

 22
21 21 1 S

p

p

R
N N

γ R β R


  
,

 
21

0
21

2

21 1
S

Sp

γ S
N N

γ R β S



  

; for Pr3+-
doped fiber.

E
ne

rg
y Level 2

1 1E ,N

21γ

32
NRγ

SR
PR

Level 1

Level 3
3 3E ,N

0 0E ,NLevel 0

21γ

32
NRγ

0SR

2SR

10γ

22 22

21 21

E , N
E , N



336/416

Here, βquantity is involved in the issue because of the 2E and 3E levels of
3Er 

and the

22E and 21E levels of
3Pr 

-doped fibers are very closely spaced according to the

Boltzmann’s population relation 1m m
m BE TkN N e



 2 3
1 1 38 10m m m BE E E , k , x J K
   

. We consider an absorbing medium for the

description of the signal gain. The signal gain is given by
 21 2 12 1G N N Lsexp σ σ    for

Er3+-doped fiber [3] and by  2S 22sG N Lexp  
for Pr3+-doped fiber amplifiers [1]. Here, L

denotes the fiber amplifier length and the other parameters represent the standard fiber
parameters.

3- Conclusions
We have introduced simple schematic representations for energy levels and amplification
mechanisms, and used the basic rate equation models, including the temperature effect to
obtain the signal gain of the erbium and praseodymium-doped fiber amplifiers at university
level. In addition, we have shown the possibility of deriving an analytical solution of the rate
equations in some practical temperature ranges to understand the gain performance of both
fiber amplifiers.
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Hand Drawn Holograms. Creating An Optical Demo Hologram By Hands For Education

Ángel G. AUGIER, Ariel M. FELIPE

Abstracts
Draw a hologram directly upon a plastic plate by hand, using a half-circular mask, and a steel
point for drawing fine scratch lines onto the plate. It sound strange, because for making a
conventional hologram, usually darkroom, laser, isolation table and expensive film plates are
necessary.

The hand drawn holograms can be used in several applications, and they would be of great
interest in Optics education. At this paper this possibility as well as, some hand drawn
hologram images are shown.

Summary
Draw a hologram directly upon a plastic plate by hand, using a plastic transparent half-
circular mask, and a steel point for drawing fine scratch lines onto the plate. It sound strange,
because for making all type of conventional hologram, usually darkroom, laser, isolation table
and expensive film plates are necessary.

The possibilities of this \"scratch hologram\" technique, which would be very useful for
teaching Optics, using it for making optical demo holograms and explain it in postgraduate or
undergraduate type of courses, are considered.

Depending of course, different levels of theory can be applied. In elemental courses the
possibility for making the student himself a hand drawn hologram and forward to observe it
can be a good motivation.

For making the hologram, you or your students, can use a piece of acrylic plastic or similar
material, and plastic transparent half-circular masks. Also they can use a compass with two
points and with an adjusting screw to set the spacing of the points.

A way for encoding an image onto the plate surface, is to draw previously this image onto a
piece of paper. Forward it is necessary &#8220;discretizing&#8221; the image and encode
the choosing points drawing an arc-shaped scratch for each ones on plastic surface using a
steel point or a sharp tool. This multiple circular-scratch technique is able to encode image,
which can be observed using adequate white light. Complicated 3D designs can be drawn by
varying the radius of circular-scratch, obtaining deep effects. Using this procedure, you can
see your design to float deep within the plate.

For example, to view the resulting holographic image, we can observe the highlight from
scratches in sunlight. Depending on the tilt of the plate with respect to the light, you might
find both the pseudoscopic and the orthoscopic image.

The hand drawn holograms can be used in artistic or technical applications, and they would
be of great interest in Optics education. At this paper this possibility as well as, some hand
drawn hologram images are shown.
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Abstract
Widespread physics education research has shown that most introductory physics
students have difficulty learning essential optics concepts—even in the best of
traditional courses, and that well-designed active learning approaches can remedy
this problem. This mini-workshop and the associated poster session will provide direct
experience with methods for promoting students’ active involvement in the learning
process in lecture and laboratory. Participants will have hands-on experience with
activities from RealTime Physics labs and Interactive Lecture Demonstrations—a
learning strategy for large (and small) lectures, including specially designed Optics
Magic Tricks. The poster will provide more details on these highly effective curricula.

Keywords
Introductory physics, active learning, introductory optics, introductory laboratory,
lecture demonstrations, activity based physics, image formation

Summary
There is considerable evidence that traditional approaches are ineffective in teaching physics
concepts, including light and optics concepts.1 A major focus of the work at the University of
Oregon and at the Center for Science and Mathematics Teaching (CSMT) at Tufts University has
been on the development of active, discovery-based curricula like RealTime Physics labs2 and
Interactive Lecture Demonstrations.3 Among the characteristics of these curricula are:

 Use of a learning cycle in which students are challenged to compare predictions—
discussed with their peers in small groups—to observations of real experiments.

 Construction of students’ knowledge from their own hands-on observations. Real
observations of the physical world are the authority of knowledge.

 Confronting students with the differences between their observations and their
beliefs.

 Observation of results from real experiments in understandable ways—often in real
time with the support of microcomputer-based tools.

 Encouragement of collaboration and shared learning with peers.
 Laboratory work is often used to learn basic concepts.

With the use of this learning cycle and the microcomputer-based tools it has been possible to
bring about significant changes in the lecture and laboratory learning environments at a large
number of universities, colleges and high schools without changing the lecture/laboratory
structure of the introductory physics course. RealTime Physics and Interactive Lecture
Demonstrations are described briefly below:

RealTime Physics Active Learning Laboratories (RTP): RealTime Physics is series of lab
modules for the introductory physics course that often use computer data acquisition tools to
help students develop important physics concepts while acquiring vital laboratory skills.
Besides data acquisition, computers are used for basic mathematical modeling, data analysis
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and some simulations. RTP labs use the learning cycle of prediction, observation and
comparison. They have been demonstrated to enhance student learning of physics
concepts.1,4 There are four RTP modules, Module 1: Mechanics, Module 2: Heat and
Thermodynamics, Module 3: Electric Circuits and Module 4: Light and Optics.2 Each lab
includes a pre-lab preparation sheet to help students prepare, and a homework, designed to
reinforce critical concepts and skills. A complete teachers’ guide is available online for each 
module.

Interactive Lecture Demonstrations (ILDs): ILDs are designed to enhance conceptual
learning in large (and small) lectures. Real physics demonstrations are shown to students,
who then make predictions about the outcomes on a prediction sheet, and collaborate with
fellow students by discussing their predictions in small groups. Students then observe the
results of the live demonstration (often displayed as real-time graphs using computer data
acquisition tools), compare these results with their predictions, and attempt to explain the
observed phenomena. Besides data acquisition, computers are used for interactive video
analysis. The eight-step ILD procedure incorporating this learning cycle is followed for each
of the basic, single concept demonstrations in an ILD sequence. ILDs have been
demonstrated to enhance student learning of physics concepts.1,5 Complete materials—
including student sheets and teachers’ guides—are available for most introductory physics
topics.3

In this workshop, after an introduction to active learning, participants will work hands-on with
an activity from RealTime Physics Light and Optics Lab 3, Geometrical Optics—Lenses,
designed to teach the concepts of image formation using two miniature light bulbs (point
sources) and a cylindrical lens. Then, the eight-step Interactive Lecture Demonstration
procedure will be illustrated through active audience participation. Examples will be drawn
from the four sets of optics ILDs: Reflection and Refraction of Light, Image Formation with
Lenses, Mirrors and Polarized Light. Guidelines for creating effective ILDs will also be
discussed.

A series of Optics Magic Tricks that introduce students to basic optics concepts will also be
presented. There are a total of 10 tricks, illustrating concepts in reflection and refraction,
image formation with mirrors, total internal reflection, light scattering and polarization.6 These
include The Reappearing Test Tube, an illustration of the importance of index of refraction for
seeing transparent media, Carbon to Silver, an example of total internal refraction and
Candle Burning Under Water, an illustration of image formation with a plane mirror. All are
presented in a highly active way through the use of optics conceptual learning questions.

Results of studies on the effectiveness of these approaches using the Light and Optics
Conceptual Evaluation— developed in conjunction with the curricula—will also be presented.

The poster will present examples from the six labs that make up RealTime Physics Light and
Optics. These are Lab 1: Introduction to Light, Lab 2: Reflection and Refraction of Light, Lab
3: Geometrical Optics—Lenses, Lab 4: Geometrical Optics—Mirrors, Lab 5: Polarized Light
and Lab 6: Waves of Light. The labs will be displayed along with apparatus, computer data
acquisition tools and typical experimental results. Copies of the RealTime Physics Light and
Optics lab manual and of the Interactive Lecture Demonstrations book will be available.

All of these curricula have been used successfully by the author in his introductory college
level physics course, and recently in a series of Active Learning in Optics and Photonics
(ALOP) workshops in Africa (Ghana and Tunisia), sponsored by UNESCO, ICTP and SPIE.
More details on the ALOP project will be presented in a separate paper, “Active Learning in 
Optics and Photonics: Experiences in Africa,” with principal author M. Alarcon.
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Abstracts
We describe an experiment that allows distant users to perform a labwork using Erbium
Doped Fiber Amplifier (EDFA) in order to understand the basics physics and engineering
involved. The EDFA and the measurement instrumentation are specially designed so as to
allow for remote control through the web. The purpose of the project can then be distant
learning for students from developing countries which cannot afford this kind of high-cost
equipment.
OCIS codes: 060.0060 Fiber optics and optical communications, 060.2320 Fiber optics

amplifiers and oscillators, 250.4480 Optical amplifiers

Summary
1. Introduction
Optical amplifiers are widely used and key devices in optical fiber communications. Our
labwork experiment uses an EDFA presented as a “planar kit” including all suitable devices 
(pump and signal laser diodes, EDFA’s fiber components including optical switches) 
arranged on a simple wood-slab, beside 2 laser controllers and an optical spectrum analyzer
(OSA).
Locally or remotely, students set optical configurations so as to perform usual
characterization of an EDFA using the optical switches to route and monitor pump, input and
output signal towards the OSA. They can measure the pump level, the amplified
spontaneous emission (ASE), the optical gain and gain behavior (saturation with respect to
pump level and signal level, non uniformity of the gain with respect to wavelength, noise
factor, etc.).

2. Experiment
2.1 Set-up
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Fig. 1. Experimental set-up (right: detail).

Fig.1 shows the set-up of the experiment. The laser pump and signal laser diodes are
commercial-type butterfly packaged mounted with electrical interfacing for temperature and
drive-current control from 2 laser ILX Lightwave controllers. Multiplexer (Mux), demutiplexer
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(Demux), 95-5 couplers and Er+3 are on-the-shelf connectorized fiber components. A 4 ports
(3 to 1) fibered optical switch routes any of the inputs towards the OSA (Anritsu). A National
Instrument GPIB card allows for parallel control of the 2 laser drivers, and OSA setting and
acquisition. National Instrument DACQ card allows for 3x1 switch control (special need for
digital 5V-10 mA output voltage to actuate each individual switch part of the 3x1 switch).

2.2 Laser diodes control
Driving the current-source and temperature of the pump and signal laser diodes is managed
through a Labview virtual instrument (VI) that offers relevant controls in compliance with
manufacturer specifications of the laser diodes (current and temperature range). Front-panel
interface (see fig.2 bottom left) is designed so as to offer non-expert user to easily switch on
(or off) and adjust operating points that set the optical power of the sources (and fine tuning
of the signal wavelength).

2.3 Data acquisition control
Each setting of the 3x1 switch corresponds to a typical setting (center wavelength, span,

reference level, resolution bandwidth) of the OSA configuration for each input (pump, IN
signal, OUT signal). A second VI (see front panels on fig.2 top) offers 3 different menus:
“OSA setting”, then “acquire” (acquisition and display of the spectrum of each input) and 
finally “results” (extraction from spectra of peak wavelength, peak intensity, noise level
(ASE), then derives gain, NF, etc.).
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Fig. 2 . VI front panels of the OSA (top) and of the laser diodes (bottom left) ;
zoom on results (bottom right)

New versions of Labview (7.0 or more) are rather easy to implement between two computers
(one affected to the experiment and the other for the labwork) connected through local or
extended network. In particular, of course, the second computer doesn’t have to be installed 
with Labview.

In conclusion, we hope that this already well-known concept of web-controlled systems
(robotics, etc.) applied to the field of education in optics and photonics will allow any distant
user to become familiar with a real (though remote) EDFA which is not a simulation. The high
cost required equipment might become available to one who could not afford it. Time sharing
between local and distant users has to be organized, and, nevertheless, sponsorship from
industry or international organizations has to be found to help for this kind of reach-out effort.
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Abstract
The concept of teaching in optics and photonics for undergraduate and postgradute students
of laser engineering disciplines are discussed. The designed curriculum include as
fundamental knowledge on modern mathematics, physics and computer methods as up-to-
date industrial optical engineering software training. Distributed Web-server technology with
Alpha cluster station background allow to support real-time training and teaching with a set of
computer optical laboratories, which are used as a framework for most university special
courses. Remote access to facilities of Russian Academy of Science make it possible to
accumulate modern science achievements in optical education.

Key words
laser engineering, photonic, computer methods, scientific-educational center, optical
curriculum, optics software.

Summary
The concept of teaching in optics and photonics for undergraduate and postgraduate
students of laser engineering disciplines are discussed. This concept is a part of a complex
educational program of Samara state aerospace university (SSAU), one of the basis Russian
technical universities. SSAU pay much attention to the development of new effective
methods of optical education and training. The main university objective is to achieve fast
integration of modern science achievements and engineering technologies to educational
practice. As a result special scientific-educational center “Computer methods in diffractive 
optics and imaging” was established in 2003 with financially support of Russian Federation
Ministry of Education and Science, Samara Region Administration, and the American Civilian
Research and Development Foundation (CRDF ProjectSA-014-02) as part of the joint
Russian-American program ”Basic Research and Higher Education” (BRHE).  Scientific-
educational center (SEC) bring together a unique network of laboratories, pulling together
science and industry to achieve the transfer of knowledge and technology, and provide
access to state-of-the-art equipment, highly skilled personal, conduct feasibility studies and
trainings.

The designed university optical curriculum for laser engineering disciplines include as
fundamental knowledge on modern mathematics, physics and computer methods as up-to-
date industrial optical engineering software training. The optical educational program is
structured to cover the relevant topics in computer optics and photonics, from wave nature of
light to ultra short pulse generation, types of lasers, lens design, computer simulations and
experiences in photonics, including geometric and wave optics as well as principles of lasers
and various photonics applications. Its realization is based on SEC distributed Web-server
technology with Alpha cluster station background, which allow to support real-time training
and teaching with a set of computer optical laboratories. These laboratories are used as a
framework for most special courses: quantum electronics, applied optics, laser physics and
techniques, laser optics, photonics, imaging, reflectance and fluorescence spectroscopy and
others.
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Several software packages form a universal optical software environment, which is uses as a
foundation in different student laboratory computer trainings and simulations of different
processes (imaging, illumination, lightning, laser device modelling etc.). As a result each
student may simulate any studied process, calculate optical system, plan laboratory work
and then compare experimental and calculated results. Such approach makes it possible to
intensify and extend the knowledge of optics and its application in many areas.

First-year students start their learning of optical software packages in courses of classic base
optics from the first steps of their education in university. For example, a special animated
real-time network package is used for learning Diffraction. It include own API, optical
database and 3D simulation of optical laboratory, equipped with different lasers and
complete set of traditional optical devices and elements. The student may select any of
above virtual elements and light sources and place, combine or model either a real device or
a training laboratory job environment. A real-time diffraction image is processed by dynamic
layout changing and source tuning. Each step of virtual laboratory work may be logged and
issued as a final laboratory report paper.

The complexity of optical software usage increases from one to another course. Starting
from the third year of education university students begin training in modern professional
optical software, including Lambda Research Corporation (LRS) products OSLO (optical
design software) and TracePro (opto-mechanical modeling). The university syllabus of
Applied Optics course was modified in order to include special lectures, concerning optical
engineering software learning, especially detail analyses of computer optical methods based
on LRS product demos. This course is used as a leading knowledge base in other university
courses, which use OSLO and TracePro as a universal background. In particularly special
exercises were designed in TracePro and OSLO software environment for modelling laser
wave interaction with biological tissue, laser optical systems for industrial technology lasers,
for semiconductor laser micro-optics etc. Those exercises are used in courses of Laser
Physics and Technique, Imaging systems, Optical calculations of Applied Mathematics and
Physics Department, Computer Optics Department and Laser Engineer speciality of
Engineer Department of our university. It must be mentioned that software localization and
special educational exercises plays an important role in success and progress of industrial
software educational application. Such effective implication of modern software packages in
university photonic and laser courses will be impossible without great efforts of our
professors and lecturers, who devoted much time for software localization and issue of
localized methodical literature for students.

Besides own optical network we use remote access to facilities of Russian Academy of
Science (RAS), which make it possible to accumulate modern science achievements in
optical education. Thus, server database engine of Institute of Atmospheric Optics of RAS is
used for on-line laboratory exercises in courses of Laser remote sensing and Atmosphere
optics. The on-line programs of Ioffe Institute of RAS are used for remote education in
photonics and semiconductor lasers.

As a result after a year of training undergraduate and postgraduate students begin to use
professional software in their term papers and degree thesis. In current academic year
Lambda Research Corporation software was used in most annual term student papers of
laser speciality and in six photonics postgraduate theses.

We also try to attach the top students to photonics scientific programs. The various
approaches are used for that including annual conferences for students and young scientists,
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awards for the best student presentations, featuring lectures by prominent scientists from
Russia and overseas.
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Abstract
In this work we propose and demonstrate a very simple method to fabricate interference
multilayer birefringent filters. We employ the birefringence properties of common cellophane.
Cellophane tape layers can be very easily superimposed with different orientations in order
to generate different spectral responses. We experimentally demonstrate this behaviour with
the aid of a portable spectrophotometer. This technique represents a simple and inexpensive
way of experimentally investigating the optical properties of birefringent filters.

Keywords
Polarization, Birefringent filters, Cellophane tape

1. Introduction
The birefringent properties of some cellophane tapes are well known and can be used in
demonstrations and easy experiments such as kaleidoscopes [1,2]. The birefringence of the
cellophane can be easily verified by placing a piece of tape between two crossed polarizers
and observing whether it looks transparent [3]. Because cellophane tape layers can be
superimposed with specific orientations, they are an easy way to build a uniaxial optical
multilayer. The transmission spectra of this kind of filters can be described using usual Jones
matrix formalism [4]. Therefore, a cellophane tape filter is a very useful tool to teach
polarization effects, birefringence and birefringent filters.

2. Cellophane birefringence
The first step in the proposed experimental demonstration is to calibrate the cellophane tape
birefringence as a function of the input light wavelength. For this purpose we place the
cellophane tape between parallel and crossed polarizers. The cellophane tape is placed in
between with the principal axis oriented at 45º with respect to the polarizers. The normalized
transmission is given by [5] :

iparallel=cos2(/2),   icrossed=sin2(/2), (1)

where  is the phase shift introduced by the cellophane, which is given by =(2/)n.d,
being n is the difference between the ordinary and extraordinary refractive indices, d the
physical thickness of the layer and  thewavelength. Equation (1) indicates that the
measured spectrum will be an oscillating curve as a function of the wavelength. From these
relations, the phase shift can be calculated as:
















parallel

crossed

i
i

arctan2 . (2)

Figure 1 shows a picture of the experimental setup. We employ a portable UV-visible
Stellar-Net spectrophotometer, model EPP2000, operating in the range 195 nm to 850 nm, a
nonpolarized light from a tungsten lamp (Stellar Net SL) and two photographic linear
polarizers from Hana.
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Fig. 1. Experimental setup

Figure 2 shows the measured experimental
intensity transmission for parallel and crossed
polarizers for one and eight cellophane layers
aligned parallel. The results show the expected
oscillating behaviour. The number of
oscillations increases with the number of
cellophane tape layers. From these
experimental data, we have made a Cauchy-
type fit of the phase shift  as a function of the 
wavelength [5].

3. Cellophane birefringent filters
Once the birefringence has been calibrated, the
cellophane tape can be used to build
birefrinfent filters. The first example we show
here is a classical folded Solc filter. It consists
of a set of identical wave plates whose
azimuthal angle maintains its absolute value,
but changes sign from one layer to the next,
placed in between crossed polarizers [4]. The
transmission is maximum at the wavelengths
for which the birefringence is an odd multiple of
, while it decreases rapidly for other
wavelengths. We built a Solc filter consisting on
6 wave plates, each one composed of three
parallel aligned cellophane layers, being the
azimuthal angle for each consecutive wave
plate =7.5°. Figure 3(a) shows the simulated
normalized transmission, and the experimental
measured spectrum. The filter provides a
maximum transmission centred at=659 nm, with a spectral width=80 nm.

(b)

Polarizer

Spectrometer

Lamp
Analyzer

Cellophane
tape

Fig. 2. Transmission through parallel aligned
cellophane tape layers inserted between
crossed and parallel polarizers oriented at
45° with respect to the principal axis. (a) 1
layer, (b) 8 layers.
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The second design is a birefringent filter
which provides a transmission that
approximates a square wave, with flat regions
near zero and 100% transmission [6]. Again
the filter is placed between two crossed
polarizers. It consists on four cellophane tape
layers oriented at +45° with respect to the
polarizers, followed by other eight layers
oriented at -15°, and finally other eight tape
layers oriented at +10°. Figure 3(b) shows the
simulated transmission together with the
experimental data obtained by the
spectrophotometer. Again, an excellent
agreement is obtained.

4. Conclusion

Summarizing, we have demonstrated a very
simple way of building birefringent filters
based on the use of cellophane tape layers.
We first calibrated the birefringence of the
tape, and used this information to design the
filters. This technique represents an
inexpensive way of experience the properties
and applications of the polarization of light.
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Abstract
In this work we propose the use of a liquid crystal spatial light modulator (LC-SLM) as a
useful tool to teach and experience diffraction and signal processing. The LC-SLM acts as a
programmable pixelated diffractive mask. The Fourier spectra of the image displayed in the
LC-SLM is visualized through a simple free propagation diffraction experiment. This optical
system allows easily testing different diffractive elements and performing several signal
processing experiments. As a demonstration we include experimental results with diffraction
gratings, computer generated holograms, diffractive lenses and axicons.

Keywords
Diffraction, Signal Processing, Liquid-Crystal Displays

Summary
1. Introduction
Diffraction is a classical subject taught extensively on Physics or Engineering degrees [1].
Within the Fraunhofer approximation, a Fourier transform relation links the diffraction pattern
with the transmittance of the diffractive mask. Classical diffraction patterns that are studied in
many textbooks are those produced by rectangular or circular apertures, or diffraction
gratings [2]. However, the possibility that students test and even design their own diffraction
masks is very interesting from the comprehensive point of view.

A liquid crystal spatial light modulator is an optoelectronic device commonly found in
commercial projection displays. Under proper configuration of the external polarization
elements, these devices can produce an amplitude-only or a phase-only modulation versus
the addressed gray level [3]. Figure 1 shows the experimental setup, where we used a LC-
SLM from CRL-Optics placed between a polarizer-waveplate pair. The proper orientation of
these polarization elements makes the
display act as a phase-only or
amplitude-only mask.

This possibility makes this device very
interesting in applications in diffractive
optics. The diffractive mask can be
programmed in real time from a
computer. Therefore, once the optical
system has been aligned, the students
can easily produce different diffraction
patterns simply by modifying the image
that is being addressed to the display.
Very different diffractive elements can

Figure 1. Experimental setup.
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be designed and experienced with the same optical setup.

2. Experimental diffraction results
In figure 2 we present some of the possibilities. Figure 2(a) corresponds to the case when a
uniform gray level image is addressed to the LC-SLM screen. Since the device is pixelated, it
acts as two-dimensional grating. The diffraction pattern consists in the typical square grid of
the diffracted orders. Figure 2(b) corresponds to the case when a computer generated
hologram is displayed. The computer generated hologram is a kinoform i.e., the phase of the
Fourier transform of the input object (in this case a butterfly). The reconstruction shows the
typical edge enhanced version of the input object [4]. Let us note that the Fourier transform
spectrum obtained optically consists on different replicas of the kinoform reconstruction.
They are centred at the locations of the diffraction orders shown in Fig. 1(a). These replicas
are the convolution of the original reconstruction of the kinoform and the diffraction orders
generated by the pixelated structure of the display. This is a very nice visualization of the two
dimensional Whittaker-Shannon sampling theorem [2] which evidences the limited spatial
sampling produced by the pixelization of the device.
In figure 2(c) a binary amplitude grating is addressed to the LC-SLM. The grating is oriented
horizontally, so the typical diffracted orders appear vertically. Again, the set of diffracted
orders can be viewed as the convolution of those generated by the pixelated structure with
those generated by the addressed grating. Finally, Fig. 2(d) corresponds to the case when
an axicon [5] is displayed on the LCD. The reconstruction consists in concentric circles
around every diffraction order. For this diffractive element the sampling limit imposed by the
pixelization is not enough, and the reconstructions overlap.

(a) (b) (c) (d)
Figure 2. Experimental diffraction patterns generated by: (a) A uniform image, (b) a phase
only computer generated hologram, (c) a grating and (d) a binary axicon.

The real-time flexibility that the LC-SLM provides permits to design and test amazing optical
diffractive masks. As an example in figure 3 we show a diffractive phase-only mask which is
obtained by combining a phase-only computer generated hologram with a Fresnel lens. We
add the two phase functions and we display the resulting function on the LCD [6].
In the four cases shown in Fig. 3 we add Fresnel lenses with different focal lengths to the
same phase-only computer generated hologram. In this figure we only show the central
reconstruction. Because of the different quadratic phase factors of each Fresnel lens, the
reconstruction appears in different planes and with different size. In addition, another
interesting effect happens due to the resolution limit of the display. If the quadratic phase
varies fast enough, the inherent sampling due to the pixelated structure causes a multi-focus
effect on the Fresnel lens [7]. Therefore the reconstruction consists on different replicas of
the original reconstruction. The shorter the focal length of the Fresnel lens, the larger the
number of replicas generated. This shows another amazing consequence of the sampling
theorem, in this case applied to the quadratic phase of a Fresnel lens.
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(a) (b) (c) (d)
Figure 3. Experimental diffraction patterns generated by a phase-only diffractive mask
obtained by adding the phase of a computer generated hologram with the quadratic phase
characteristic of a Fresnel lens. From left to right the focal length of the Fresnel lens is
decreased.

3. Conclusion
In summary, the LC-SLM is a very interesting optical device useful to experience many
diffraction and signal processing effects. Therefore it can be a very useful tool to teach and
experience these subjects.
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optical imaging, diffraction and coherence : students\'difficulties and pedagogical
suggestions

Laurence Maurines

Abstracts
This study focuses on how students reason in situations in which wave optics needs to be
used. Paper and pencil questionnaires were designed and about 250 French students (aged
20 to 23) were questioned after lessons on waves. Tendencies towards a “geometrical” and 
“holistic” reasoning are shown to recur.  Indeed, students do not use the phase concept, and 
the Huygens and amplitude superposition principles. They tend to consider the source as a
whole, to follow the rays issued from the source, and to use an intensity superposition
principle. Some remarks are made on the way waves are taught in France and some
pedagogical implications are discussed.

Summary
Introduction
Starting from the idea that learners actively build their knowledge, numerous studies have
been published over the last thirty years on how pupils and students reason in physics.
Indeed, in a constructivist learning perspective, it is important to take into account the
students’ difficulties in order to define pedagogical contents and to develop teaching 
situations. This is why we are exploring for twenty years the difficulties encountered by
students when learning waves. Our approach has consisted in analysing the difficulties
raised by the wave models used for mechanical and light waves in a large range of situations
(propagation, reflection, diffraction, imaging). All along our studies, we have analysed the
general ways of reasoning used by students and described them in a coherent and predictive
model. Some of these reasonings are revealed to be highly resistant to change: encountered
before lessons on waves, they fit to new situations and can be found at a high level of
teaching, even amongst experts.
We worked into two directions. On the one hand, we analysed the properties of the scalar
field models used in wave optics and acoustics when the point of observation is far from the
source, and compared them to the models used in geometrical optics and acoustics. We also
specified the situations where they need to be used. This content analysis gave us the
framework, which the specific problems to be explored were derived from. It was also the
reference to which compare the students’ answers. It led us to clarify some confused points
and to give a new look into the physics of waves. It was the basis of our pedagogical
propositions. On the other hand, we carried out several enquiries in order to examine how
students manage with the different concepts (phase, ray, wave surface) and principles
(Huygens’ principle, amplitude superposition principle), which the wave model we called the 
“wave-geometrical model” is based on. Focused on geometrical situations (propagation and 
reflect
ion) and wave situations (diffraction through a “small” aperture, Young double-slits, coherent
illumination optical imaging), they led us to advance a model of the students’ reasoning on 
three dimensional phenomena.
This model, summarised in 2001 in the overview of our research programme, can account
not only for our results but also give meaning and coherence to the results obtained by other
science education researchers. Situations requiring wave models are still less explored than
others so far. Indeed, most of the studies relating to how students reason on waves concern
light and situations in which geometrical optics can be used. In particular, investigations can
be found on the formation of images by a lens (e.g. Galili 1996). Only some studies on light
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concern situations in which the scalar wave model has to be used (Ambrose et al, 1999 ;
Colin and Viennot, 2001 ; Romdhane and Maurines, 2003).

Questions explored, methods and samples
Our communication will be focused on wave situations such as diffraction and interference,
coherent illumination optical imaging. Some of the following questions will be examined:
- How do students describe and explain what happens to light when passing through a
\"small\" aperture, the double-slit device, an optical system with lenses and diaphragm? How
do they draw their ideas?
- For students, is it possible to have several images along the axis of an optical system? Is a
point source located at infinity imaged when there is diffraction? Is a diaphragm imaged?
- How do students reason when the illumination is partially coherent?
The above-mentioned problems were explored with a set of paper and pencil questionnaires.
As usual in this type of research, the questions are qualitative since they clearly bring to the
fore the type of difficulty that normal exercises avoid or hide. They ask students to explain
what happens to light and to draw their ideas, whether an image exists and where and how it
is. Justifications were always required. A total of 250 French students (aged 20 to 23) were
questioned.

Some results and analysis
In the situations investigated, students tend to base their reasoning on “classical” geometrical 
optics. Indeed:
- they follow rays issued from the source instead of reasoning at an elementary waves level
applying the Huygens-Fresnel principle. When passing through a \"small\" aperture, the rays
of the incident wave seem to be reflected or refracted by the edges of the aperture. The
image of a point source located at infinity is placed behind the back focus plane of the lens
when there is diffraction. The images of the point source and of a following diaphragm cannot
exist simultaneously or are merged.
- they only consider incoherent point sources and seem to use an intensity superposition
principle. The shape of the image of a diaphragm in coherent illumination situation is not
changed when some of the light rays issued from the lens are suppressed. The shape of an
interference pattern does not depend on the number of secondary sources.

The same tendency is revealed - of considering an image as a whole - like that
pointed out by many researchers in geometrical situations. The image seems to be the
object, which is travelling and changing when something happens on the path of light. When
there is diffraction somewhere in an optical system, the following images have kept the
\"memory\" of this diffraction so that they look like the diffraction pattern observed in the back
focal plane of the lens. The centre of the image of a “diffracting” diaphragm is missing when 
a little stop is placed on the path of light. On the diagrams given by students, only a single
ray coming from an object point contributes to the construction of the corresponding image
point.

Besides this trend towards a geometrical and holistic reasoning, a tendency to a
reduction of concepts is also present. Students consider Huygens sources in order to obtain
the image of a diaphragm only when light is diffracted. Moreover, in partially coherent
situation, students have difficulties to reason on the whole system consisted of the extended
source, the Young\' s slits, and the point of observation. They tend to reason in considering
only the primary source. Either, they consider that the spatial coherence is only a
characteristic of the source: it does not change during propagation. Either, they consider that
it only depends on the source and on the distance between the source and the interference
apparatus.

We will conclude by some remarks on the way waves are taught in France and will
discuss some pedagogical implications.
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Summary
Introduction:
Historically, spectrometers are presented as: (i) gratings under diffraction chapter, (ii)
Michelson’s Fourier transform spectrometry under the two beam interferometry and (iii) 
Fabry-Perot spectrometry under multiple beam interferometry. We present a unified
geometrical and mathematical presentation of all the three major, high resolution,
spectrometers that facilitate the learning process and the retention of the physics behind
spectrometry.
We also have another deeper motivation behind this paper. Conservation of energy demands
that EM signals produced by any physical system will always be of finite duration both in
space and in time. They could neither be infinite nor be point-like. Similarly, all natural
devices have finite response times and they do not wait and study the signal for the entire
duration of the signal to pass through them before reacting to it. Photo sensitive molecules
and photo detectors respond to the optical signals in the sub-pico second domains. Thus, we
have a built-in conceptual contradiction in emulating nature’s operational principleswhen we
use time-frequency Fourier theorem to eliminate the time parameter by accepting the
presence of time-infinite signals of many frequencies. This integral is a non-causal integral by
definition because a physical entity must wait to read the entire time-infinite signal first.
Although, higher level mathematics [x] attempts to skirt the problem by various mathematical
manipulations, the fundamental physical concepts remain confusing in the minds of the
young learners. So, in this paper, we develop a method for the direct time-domain
propagation for a simple pulse of width δt and duration a(t), a(t)exp[-i2πνt], with a carrier
frequency ν, to be determined by spectrometry. The strength of our proposed direct time
domain approach is demonstrated by the success (i) in unifying the formulation for
apparently three different spectrometers, (ii) in recovering the traditional Fourier frequency
interpretation when one integrates our time-evolving fringe expression over a very long
period, as we used to do in early days with photographic plates before the advent of very fast
photo detectors and electronics, and (iii) in predicting that the de-convolution of our pulse
response function from the broadened fringe pattern can help recover the actual carrier
frequency of the signal. The last statement is equivalent to claiming that δνfδt > 1, which
naturally derives from the time-frequency Fourier integral, is not a fundamental limit in
classical instrumental spectroscopy. Just as the CW response function (CW-RP) is
recognized as an instrumental width, and is de-convolved from the complex CW apparent
spectrum to find the actual carrier frequency distribution, so should we de-convolve the pulse
response function (derived in this paper) from the recorded apparent pulse spectrum.
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Time domain analysis of spectrometers:
Let us consider classical spectrometers like gratings and Fabry-Perots (FP) with pulsed light
[1-5]. They replicate the incident pulse into N partially superposed, delayed pulses, as
depicted below in Figs.1 & 2. N is the number of steps for a grating and the reflective finesse
for an FP. The time evolving fringe width can be computed by simply taking the square
modulus of the partially superposed amplitude train. The apparent “spectral fringe width”, is 
given by the time integration over the duration of the pulse train after taking the square
modulus of the sum of all the amplitudes of the partially superposed pulses [5]:
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Where, nm() is the normalized autocorrelation between the m-th and the n-th pulses:
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As the width of the pulse exceeds the spectrometer time constant, τ0 [2], pulse-response
function of Eq.3 converges to the standard CW instrumental response curve, Icw(ν, τ):
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We have thus established the conceptual continuity for the fringe width between those
produced by a short pulse and a very long pulse, because ( ) 1p  as the pulse

width, 0t N    , underscoring the significance of 0, defined by us as the spectrometer
time constant [2]. The beauty of this paper is in the Eq.5, which implies that for all the cases
of spectrometers, Eq.3, 3a & 3b, the traditional CW derivation of text books can be
recovered with the help Eq.5. Further, one can also show mathematically, using Parseval’s 
theorem of energy conservation, that the time broadened fringe width can be expressed as
the convolution of the CW instrumental response function, Icw(ν,τ), with the Fourier intensity

Figure 1. Pictorial
representation of
geometrical similarity
between a multi-beam
Fabry-Perot, a multi-slit
grating, and a two-beam
Michelson interferometer by
controlling the number of

a (t)

ei2t

t τ

τ0 = N

t

Figure 2. Partial
superposition of a train of
finite pulses with a periodic
step delay ofτproduced by
an echelette grating. The
carrier frequency, ν, of the E-
vector and the time-finite
duration of the input
amplitude, a(t), is depicted on
the left. Notice that all
spectrometers have a
characteristic time constant
for its fringe evolution, or
pulse stretching, given by
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“spectrum”, ( )A ; it is the square modulus of the Fourier transform of the amplitude envelope
of the pulse, a(t) [3, 4]:
Or, ( , ) ( ) ( )pls cwI I A    (6)

This identity relation is very significant because the traditional mistake of taking Fourier
frequency as reality turns out to be correct, as far as the fringe width measurement is
concerned. However, the direct time domain analysis in Eq.3 shows that only the carrier
frequency, ν, plays the physically important role of determining the location of the fringe (m
=ντ), and the fringe width is the artifact of time varying amplitude of the pulse. We will also
present details of pictorial and conceptual similarity between various spectrometers.
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Innovative Approaches to Photonics Workforce Development

Dominique Foley Wilson, Consultant, Laboratory Critical Skills Development

Abstracts
Photonics as an enabling technology offers a plethora of perspectives from which to
approach workforce development. Hands-on, inquiry-based curriculum and activities have
been developed that attract and inspire students from middle school through post-secondary.
The curricula are cross-cutting across multiple disciplines, demographics, and ages.
Articulation between levels has proven an essential element of success. Learn how industry,
government, academia, parents, students, professional societies collaborate to further
opportunities for in photonics and microtechnology.
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Optical standards: the missing link in optics and photonics educational programs

Nikolay Stoev

Abstracts
Educational programs in optics and photonics contain superior fundamental and specialized
courses, and yet optical standards and standardization aspects are often missing from the
curricula. Although international standardization aims at eliminating technical barriers to
trade, many graduates learn about industry standards during their first job. This presentation
provides an overview of existing standards in optics and photonics and latest developments
in the field. It provides information about the international organizations involved and the
specialty areas covered by standards. Courses or educational modules covering existing
industry standards and international standardization efforts may become a valuable addition
to educational programs in optics and photonics.

Summary
Introduction
Many of today's educational programs in optics and photonics contain first-class fundamental
and/or specialized courses, and yet optical standards and standardization aspects of optical
engineering often remain missing from the curricula. Although the purpose of international
standardization is to eliminate technical barriers to trade, many graduates only learn about
industry standards during their first or second “real world” job. This presentation provides an 
overview of the existing standards in optics and photonics and the latest developments in the
field. It provides information about the international organizations involved in this effort and
the various specialty areas in optics and photonics covered by standards. Courses or
educational modules covering exisiting industry standards and international standardization
efforts may become a valuable addition to educational programs in optics and photonics.

The role of industry standards
The main goal of international standardization is to eliminate technical barriers to trade.
There are hundreds of international standards for terminology, requirements, interfaces, test
methods and product safety, that apply to complete systems, devices, instruments, optical
and photonic components, auxiliary devices and accessories, and materials. In addition to
traditional fields like lighting, photography, cinematography, telescopes, microscopes,
geodetic and surveying equipment, ophthalmic and medical optics, there are newer fields
such as fiber optics and free space telecommunication systems, lasers and other electro-
optical devices and systems. A brief survey of university and college curricula in North
America has revealed that standards and standardization aspects have very limited
coverage. Except for black body emitters, optical frequency standards and interferometer
calibration, there was practically no other content on industry standards. Yet knowledge of
relevant industry standards is essential for optical engineers, supporting their efforts in
commercializing new technologies or developing new products. Failing just one specification
of a product performance standard may lead to significant delays in bringing the product to
the market, additional costs, losses and may even result in the collapse of a start-up venture.
Some products are subject to legal regulations, e.g. medical, lasers, or electronic products
incorporating lasers or LEDs. In such cases, standards help manufacturers to show
compliance with the relevant regulations and represent an important mechanism for
accessing the market or gaining competitive advantage. Failure to meet existing product
safety standards may result in legal action against the product manufacturer.
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Standardization organizations and specialty areas
The standardization efforts are coordinated by international organizations such as
ISO, IEC, CEN, CENELEC, CIE and all the work is done by members of technical
committees (TC) specializing within particular technical areas. Participating countries are
represented by members of the national standards organizations or members of the national
subcommittees for the respective TC, SC or working group (WG). The specialty areas
include traditional technologies such as cinematography, photography, geodetic and
surveying optical instruments as well as new technologies such as fiber optics and lasers.
Table 1 presents an overview of the various specialty areas, technical committees, and
selected market indicators where available.

Table 1. Standards in Optics and Photonics and related technical fields
Committee Scope or specialty area Market

inidicator
(Billion US)

Comment

ISO/TC 36 Cinematography 20.3 Note 1
ISO/TC 42 Photography 11.87 Note 2
ISO/TC 171 Document management (micrographic

and electronic)
1.03 2003

ISO/TC 172 Optics and photonics 75 Note 3
ISO/TC 172/SC1 Fundamental standards
ISO/TC 172/SC3 Optical materials and components 5.8 Note 3
ISO/TC 172/SC4 Telescopic systems 6.0 Note 3
ISO/TC 172/SC5 Microscopes and endoscopes 2.2 Note 3
ISO/TC 172/SC6 Geodetic and surveying instruments 4.6 Note 3
ISO/TC 172/SC7 Ophthalmic optics and instruments 31.9 Note 3
ISO/TC 172/SC9 Electro-optical systems 24.5 Note 3
CEN/TC 123 Lasers and laser-related equipment
CEN/TC 170 Ophthalmic optics
IEC/TC 76 Optical radiation safety and laser

equipment
IEC/TC 86 Fiber optics for telecommunications
IEC/TC 100 Audio, video and multimedia systems

and equipment
CIE Division 2 Physical measurement of light and

Optical Radiation
CIE Division 6 Photobiology and Photochemistry
CIE Division 8 Image Technology
Note 1: Worldwide box office receipts for 2003
Note 2: Imports of digital cameras and printers in 2000 to USA
Note 3: Market share estimates are from the COSE Report “Harnessing Light”

The presentation contains further details about the standards and publications within
selected technical fields (lasers, electro-optics and laser product safety) as well as
information about recent changes and developments. Including topics on standards and
standardization in educational programs in optics and photonics would help complement the
existing curricula with valuable industry-driven content.
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Teaching optics to primary school children

I.Semenova

A.F.Ioffe Physical Technical Institute of the Russian Academy of Sciences
St.Petersburg, Russia

Abstract
A course of very elementary optics, that can be given to primary school children as an
additional course to the regular compulsory program, is developed. The course contains
explanation of the most basic phenomena existing around us, which involve light. As well as
considers principles of operation of basic optical elements and more complicated devices
(microscopes, telescopes, lasers). All these phenomena and devices are explained in a very
simple way and are demonstrated in simple experiments, that makes them understandable to
primary school children. This course is intended to help young children to develop a
“physical” way of thinking.

Keywords
primary school education, elementary optics

Summary
Education programs in elementary physics for regular secondary schools are often very poor.
And that means that the majority of people (except those who continue their education in
physics-related areas) get a poor understanding of the physical world around them. And
even those who continue their education in physics often don’t understand physical 
phenomena they deal with in their everyday life, because educational programs in colleges
and universities do not include any topics in elementary physics. This would hold for optics in
particular too. And as a result even scientists with advanced degrees in physics may often be
unable to answer such simple questions as, for example: Why the sky is blue? or Why a
rainbow appears on the sky?.

Another serious problem is that nowadays scientists tend to loose the “physical” way of 
thinking. Under this “physical” way of thinking we mean the way when a person understands
the phenomenon basically, and then uses mathematics and other modern resources to
describe and explain it accurately. Unfortunately nowadays scientists tend to demonstrate a
reverse behavior. They are often very able in operating complicated mathematical equations
but fail in being able to explain the essence of the phenomenon in simple words.

As an option that could help to solve these problems we suggest a course of very elementary
optics, that can be given to primary school children as an additional course to the regular
compulsory program.

The course contains explanation of the most basic phenomena existing around us, which
involve light. We start from explaining what is white light and why we see different colors. We
consider the role of sun as a main source of light and explain different phenomena, such as
moonlight, phases of moon, solar eclipse. We explain the appearance of shadows and
describe how people were using this effect in early history (sun clocks for instance). We
describe effects taking place during light propagation, reflection and absorption. Principles of
operation of basic optical elements –prisms, lenses, mirrors, filters - are explained and
demonstrated in simple experiments. We also describe operation of more complicated
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devices, such as microscopes and telescopes. We even try to explain in a simple way so
relatively complicated phenomena as interference and diffraction, describe principles of
operation of lasers, basic principles of holography and adaptive optics. All these phenomena
and devices are explained in a very simple way that makes them understandable to primary
school children. At the end of the course we suggest a specially developed test containing
questions which were not discussed during the course but which can be answered basing on
the knowledge obtained by children.

Why this program was developed especially for primary school children? First of all children
of this age still continue, but are not yet embarrassed to ask the fundamental question
Why…?. And also such a simple way of explanation used for very young children can result
in two main outcomes: first, these children from a very young age learn and understand basic
phenomena in nature around them. But also this way of thinking may help to develop the
need of deep understanding of basic principles, that can be important both for their future
education, as well as for the rest of their lives, forming gradually a more educated person
having deeper insight into surrounding phenomena.
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Abstract

We explore the analogies between a system of coaxial cables with periodicity in the
impedance, and a system of dielectric stacks with periodicity in the index of refraction. The
latter is a photonic crystal with wave propagation control in the optical range, while the
former can be regarded as a “coaxial” photonic crystal for radiofrequency control. We 
reproduce electrical analogs of widely used thin-film optical devices, such as Bragg
reflectors, Fabry-Perot resonators and harmonic transmission filters. Coaxial crystals
represent an inexpensive way of teaching multilayer optical coatings. We show also that a
simple phasor analysis provides an intuitive technique to describe the transmission
properties of optical multilayers.

Summary
Introduction
Optical multilayers are the base of many optical devices. The simplest one consists in
alternating layers of materials with high and low refractive index. Although optical multilayers
are usually studied in an Optics course in Physics and Engineering degrees [1], it is difficult
to perform experiments on this subject in a student laboratory because of the technological
complexity in the fabrication of thin-film optical coatings. In this work we show how to use
coaxial cables to experiment the physics of wave propagation through optical multilayers. We
build a periodically arrangement of cables of high and low impedance, where the impedance
plays the role of the refractive index. These structures, known as coaxial photonic crystals
[2], reproduce in the radio-frequency range optical multilayer devices such as Bragg
reflectors, Fabry-Perot resonators and harmonic transmission filters [3].

Experimental set–up and results
We have built the electrical analog to the optical multilayer (HL)NH, where H and L are the
high and low refraction index layers, N times repeated [1]. Each unit cell of the coaxial
structure has a 50 cable RG-58/U (low impedance, L) and a 75 cable RG-59/U (high
impedance, H) connected with barrel connectors. The extreme media are the sweep
generator (Wavetek 1062) and the oscilloscope (Tektronix TDS-3054), with 50Ωouput and
input impedance respectively. To avoid the impedance mismatch at the connection to the
generator and the oscilloscope, we connect a 50 cable of arbitrary length at both ends.
The transmittance of this coaxial cable structure is obtained theoretically by the transfer
matrix method, which is commonly used when studying optical multilayer structures [4].
Figure 1 shows the theoretical and experimental transmitted voltage of the structure (HL)NH,
for N=3,10 and cable lengths of 3 ft (0.9 m). The theoretical results consider lossless cables.
In order to compare them with the measured rms voltage, we have plotted the square root of
the calculated transmittance. As we increase the number of unit cells the transmission
minimum becomes deeper and wider, eventually yielding a forbidden band in transmission
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that is centered at 55.5 MHz. This behaviour is similar to the results with dielectric stacks
[1,4]. Therefore, the coaxial cable structure (HL)NH is the electrical analog of a dielectric
mirror or Bragg reflector.
Now, we can build the electrical analog of a Fabry-Perot resonator by connecting a cable (L’) 
between two coaxial mirrors. The structure is: (HL)NH-L’-(HL)NH [3]. Figure 2 shows the
transmitted voltage of a coaxial Fabry-Perot with N=5 and L’ cable length of 6 ft. The 
theoretical and experimental data agree in the resonance position.
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FIGURE 1. Transmitted voltage of the coaxial Bragg reflector (HL)NH, with cables L=(50Ω,
3ft), H=(75Ω, 3ft) and N=3, 10. (a) Theoretical results, (b) Experimental data.
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FIGURE 2. Transmitted voltage for a Fabry-Perot (HL)5H-L’-(HL)5H, with cables L=(50Ω, 3ft)
and H=(75Ω, 3ft), and mirror spacingL’=6 ft. (a) Theoretical results, (b) Experimental data.

Multilayer harmonic transmission filters can also be mimic with coaxial cables. These
filters are Bragg reflectors that transmit different sets of harmonic frequencies for different
relative thickness of the H and L layers [4]. Figure 3 shows the calculated and measured
transmittance for the coaxial structure (HL)4, where the H and L cable lengths are DH=3 ft and
DL=9 ft. There is a gap in transmittance for the first, second and third harmonics, with a
fundamental frequency of 27.7 MHz. There is no gap at the fourth harmonic. By changing the
relative cable lengths DH/DL we can change which harmonics are transmitted [5]. We show
that a simple phasor analysis provides an intuitive method for understanding the frequency
harmonic aspects of these structures. This phasor analysis is developed from a Fourier
transform (FT) technique which is usually applied to the design of inhomogeneous optical
coatings [5]. In this FT approach, the transmission properties of non-absorbing multilayer
structures are related to the FT of the logarithmic derivative g(x) of the refractive index
profile. The FT of g(x) is defined as      xgiQQ FTexp~  , where )(Q and

)( are the modulus and the phase of Q~ , respectively,  is the inverse wavelength. The
reflectance is large when Q is large; otherwise the incident beam is transmitted [5].

We apply this FT approach to simple (HL)N coaxial cable filters like those of Fig. 3, where
the refraction index profile n(x) is a rectangular function. The logarithmic derivative g(x) of
this function consists in a summation of two sets of delta functions, and its FT can then be
written as [5],



366/416

  










 

m d
m

d
xgQ ~1

)(~ FT (1)

where d is the total unit cell double optical thickness and ~ is a complex phasor given by
  mair  2exp1~ , being r=0.5 ln(ZH/ZL) and ZH (ZL) the high (low) cable impedance.

The function Q~ in Eq. (1) takes maximum values at dm . Since cf 1 ,
transmittance gaps are expected at the frequencies given by fm=mv/(2d), where the wave
velocity in coaxial cables is 32cv  . A multigap transmission spectrum of the (HL)N structure
is expected, where m labels the harmonic frequency. However, some of the transmission
gaps will not appear because of the phasor ~ . The modulus of ~ determines the modulus of
the function Q~ , and consequently the depth of the transmission gaps.
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FIGURE 3: Coaxial photonic crystal (HL)4 with H=(75Ω ,DH=3 ft), L=(50Ω,DL= 9 ft). (a)
Calculated transmittance using the exact transfer matrix method. (b). Experimental
transmittance.

Considering this theory, we examine the
transmission spectra of Fig. 3. Figure 4 shows the
phasor diagrams for the two terms of ~ for various
harmonic orders m. For m=1,3 the phasors are in
quadrature, thus the first and third transmission
minima have equal depths. For m=2, the phasors
add exactly in phase and the second transmission
gap is the deepest. For m=4, the two phasors
cancel exactly, consequently there is no
transmission gap for the fourth harmonic. Other
(HL)4 structures with different cable length ratio
have been similarly analyzed [5], probing the
accuracy of this phasor analysis.

Conclusion
In summary, we have considered a system of coaxial cables with periodicity in the
impedance and have built the electrical analogs to multilayer optical devices such as Bragg
reflectors, Fabry-Perot resonators and harmonic transmission filters. These simple
experiments require equipment that is available in most student laboratories and are a very
useful tool to show the physics of multilayer optical coatings. Also, we have shown that a
simple phasor diagram derived from a Fourier transform analysis is extremely successful at
predicting the frequencies and relative depths of the transmission minima of multilayer optical
filters.
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Abstract
Biomedical engineering is a newly developed interdisciplinary subject developed from the
combination of modern life science, medical science and engineering. Laser applications in
biophysics and medicine plays one of the leading role in modern biomedical technology. But
at the same time traditional photonic courses for biophysics include insufficient materials
about biomedical laser applications. The current paper discuss the possibility of traditional
courses enhancement by including laser demonstrations and training based on coupling of
Technical university educational program and training program of Ekaterinburg Clinical
center “Cardiology”.

Key words
Biomedical engineering, medical science, engineering, laser applications in biophysics,
biomedical technology, biomedical applications, educational program, training program.

Summary
It is impossible to reach a considerable progress in a modern medicine without creating
medical technologies, where the latest achievements of fundamental analyses in the spheres
of physics, chemistry, mathematics and biology are used. The latest years’ achievements, 
which were get at the boundary of these sciences, provide a powerful potential for the
development of the medical technology (equipment).

A new speciality has appeared at the Physico-technical faculty- engineers in medicine. It is
based on a building of such knowledge on the board of different sciences and is aimed at
coupling of different knowledge in a unique picture about the human’s organism. This 
speciality is first of all directed on providing a qualified development of a technico- medical
resource of medicine.

The purpose of this speciality is form the specialists of photonics, device building and
biophysics, taking into consideration a medical specification.

The aspect of medicine is manyfunctional, as the object of the medical analyses- the
human being –is very complicated. From the point of view of the accurate sciences the
medicine is not rather formalized, it is more conservative.

The medical specification is introduced in this course of a new speciality by visiting
the clinics, laboratories of the clinical center, participating in manipulations, headed by a
doctor with a patient (operations, laser therapy). In addition, students get the sense of
responsibility for the results of their deeds. Beyond the dull numbers of statistics the
conscience of the socially valuable result appears. Taking part in various stages of
examining and curing patients is one of the methods of determining their motivation while
choosing a profession (an engineer on the medical equipment, a laboratory assistant making
researching, a researcher of the fundamental proceses).

The medical technologies are complicated ones. They have all kinds of complicity
(structural, organizational, algorithmic, systematic, cybernetic, and the complicity of choice)
due to the complicity of an object and a high level of responsibility while making a solution of
what technology to apply. A specialist who develops a technology should keep in mind all the
technological chain, be conscious of all the aspects and be able to value his own place in it.



369/416

Here is an example of a technological process of interaction of a laser radiation with a
biological object. The process includes three aspects: treatment, diagnostics, and prognosis.
A combination of a medical technology and the physics of the processes is the most effective
thing for every aspect, which results in an excess system knowledge with new properties.
The specialists in applying physical methods in medicine must get an integrated (composite)
education, including the theoretical bases of the accurate sciences and a practice of clinical
researches compulsory (obligatory).

An adoption of such experts into clinics result in an activation of the medical
researching potential. As medics are conservatives, then for a development of medical
technologies they need to cooperate with specialists in the sphere of techniques and natural
sciences, who do not have any limits (conservative approach) in the educational course.

For all these reasons we were have to work out an educational program for students
including a theoretical course (biophysics, photonics), practical studies in a laboratory on the
bases of the biophysical laboratory of the University and studies on the basis of the leading
scientific medical institution – the clinical center “Cardiology”. There is a scientific institution 
of biophysics and an adoption of an optical radiation in a practical medicine.

The educational cycle of “ the engineers in medicine” is carried out the following way.
During the 1st year students get acquainted with the scientific resources of the clinical center
“Cardiology”. The 2nd year is devoted to studying the theoretical bases of the biophysics and
biophotonics and students have practical studies in the university laboratory. At the 3rd year
they begin doing their research work, within the framework of which they get to know with the
laboratory work of the clinical center “Cardiology” (the biochemical laboratory, the biophysical 
laboratory of a myocardial infarction, the biophotonics laboratory). In these laboratories
students get practical knowledge about the interactive mechanisms of an optical radiation
with an organism on an organismal level, and about the diagnostic methods of an
effectiveness of a radiation application.

At the senior years on the basis of the two laboratories students study the influence of
an optical radiation at the overmolecular level (a research of the structural peculiarities).

On the basis of the educational laboratories a theory was worked out. It enables to
explain the interaction mechanisms of the laser radiation with a biological object and
therefore to construct methods of diagnostics and treatment with a laser radiation.

It was experimentally found out that there are various mechanisms responsible for
changes in the state of a biological system in the laser field with a low level of energy. “The 
trigger mechanism ” of these changes, which can be seen through the interactive effect on 
the biological fluid, runs at low temperature of an electro- magnetic field and is of a global
nature. The structural changes can be seen not only in the force place (place influenced), but
also in all the organs and tissues or a biological object. Experimentally in was ascertained
that the initial interactive mechanism of a laser radiation of low intensity with a biological
object is a changing mechanism of a structure of diaphragms formation.

According to an offered physical model of a biological fluid even light structural
changes lead to a diaphragm destabilization in general. In an electromagnetic field the
reason for such a destabilization is a reorientation of the polar groups of a lipid biological
layer of the diaphragm surface. Which through the connection lipids- proteins lead to a
further influence on the cells’ energy production, immune and fermented reactions.

The developed laser therapy system has its own structure and is added with new
diagnostic methods on the basis of the knowledge about a physical mechanism of operating
of a laser radiation on a biological object and a structurally modifying metastable model of
biological fluid.

New criteria of effectiveness are designed and used. They are made on an integration
of knowledge about the elementary interactions of low intensity laser irradiation with
substance, a biological activity of the products of interaction, the biophysical transmutations,
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initiated by the products of interaction on the molecular, overmolecular, cellular, tissual and
organic levels.
The specialists’ training goes within the framework of an integrative medicine, providing
medical, physico- mathematical, informationally cognitive, and systemo- technical
aspects, what provides a complex interactive analysis of a laser radiation and a biological
object, development of diagnostically technological, organizationally administrative and
criterionally- valuable practice in patients’ interests.
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Abstract
Cette étude est consacrée à l’élaboration d’un modèle mathématique simple pour décrire
l’action des lasers à absorbants saturables, l’approche envisagée ici tient compte d’une 
manière phénoménologique des processus physiques essentiels qui permet de dégager les
principaux paramètres physiques dans les LSA et leurs influences sur la bistabilité optique.
Nous allons étudier théoriquement la bistabilité optique dans les lasers à absorbants
saturables trimodes dans le cas où les deux milieux actif et absorbant subissent un
élargissement homogène.
Nous avons établi un programme permettant de déterminer l'effet de la bistabilité optique,
de tracer les courbes qui représentent les densités de photons en fonction du pompage du
milieu actif et d’analyser la stabilité linéaire des solutions obtenues. 

.
Keywords

bistabilité optique, laser à absorbant saturable, élargissement homogène, cavité Fabry-Pérot

Summary
1- Introduction

La bistabilité optique a connu un grand développement ces dernières années. La plupart
des bistables optiques développés jusqu'à présent font intervenir deux états de transmission
qui se traduisent par des niveaux "haut" et" bas" de l'énergie transmise par le dispositif.

Les systèmes optiques bistables ont des applications importantes dans les ordinateurs et
les télécommunications optiques parce qu'ils permettent de réaliser des portes logiques, des
commutateurs, des amplificateurs et d'autres éléments dont l'action est contrôlable et très
rapide. La possibilité de développer des transistors optiques et d'une façon générale des
composants optiques quelconques permet d'envisager des ensembles de traitement
optiques.

Pour prévoir le phénomène de la bistabilité optique, il est nécessaire d'introduire des
équations non linéaires pour décrire ce phénomène d'hystérésis.

La structure d'un laser à absorbant saturable est donnée par la Fig1 :
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L :longueur de la cavité

Fig.1: Structure d'un laser à absorbant saturable

2. Modèle mathématique

    Le système d’équations d’un laser à absorbant saturable   trimode comprend quatre
équations : une équation donnant la densité de photons dans la cavité résonnante du mode
central,une équation donnant la densité de photons dans la cavité résonnante du mode
d’ordre 1, une équation de bilan de la variation de la différence de population du milieu
actif et une équation de bilan de la variation de la différence de population du milieu
absorbant. Il s’écrit  de la façon suivante [1,2]:
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Où :

01,nn sont respectivement les densités de photons dans la cavité pour le mode 0j et

1j .

ba NN , sont respectivement les densités d’inversion de population du milieu actif (A) et du

milieu absorbant (B).

01,xx sont respectivement les coefficients des pertes du résonateur pour le mode 0j et

1j

B est le coefficient d’Einstein; L est longueur de la cavité ; q est le nombre de mode.

ba , sont respectivement les coefficients du relaxation du milieu actif et absorbant.

Où :   ab avec qui est coefficient de saturation (01)

Le profil de Lorentz g est défini par :
j

g 22

2
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Où : est largeur de raie homogène. et Δj = 0 j

avec : j est la fréquence d’ordre j  et    0 est la fréquence centrale.

ba RR , sont respectivement le pompage du milieu actif et du milieu absorbant,
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: ce terme entre crochets désigne l’effet 

d’interférence produit dans le résonateur Fabry-Pérot. Il peut prendre différentes valeurs qui

dépendent de la position des deux milieux actif et absorbant dans le résonateur optique.

Dans le cas général, les populations Na et Nb sont indépendantes de la position z et par

conséquent ce terme entre crochets peut s’écrirede la façon suivante:
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Pour le cas où les milieux actif et absorbant sont placés au milieu de la cavité, A0 prend

la valeur 
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sin1 où L est la longueur de la cavité , l est la longueur du

milieu actif ou absorbant

3. Effet de la bistabilité optique

Dans notre cas, nous étudions le phénoméne de la bistabilité optique et de ce fait, nous
nous intéressons seulement au cas stationnaire laser c’est–à-dire les dérivées des variables
par rapport aux temps sont nulles et par conséquent, nous posons à cet effet :

dt
dn

dt
dn 01  = 0

dt
dNb

dt
dNa

A partir des deux premières équations du systéme (1), nous obtenons la relation qui est

donnée par :
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et pour faciliter les calculs, plusieurs changements de variables ont été utilisés:
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Selon l’équation (2), on distingue deux cas:
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3.1 Cas où : 00110  gxgx

       Si ce terme est nul cela revient à négliger le terme 1 du système d’équations (1) c’est-à-
dire nous ne   tinons  pas compte de l’émission spontanée.
       Nous étudions les cas où le coefficient de saturation est égal à l’unité (ξ=1) et ξest
différent de l’unité ( 1 ).

a)  Cas où le coefficient  de saturation égal à l’unité (ξ=1)
     Nous injectons cette relation dans l’équation (1) et après plusieurs transformations, nous
obtenons une équation algébrique du deuxième degré de la forme:

0210
2
0  BAQQ (3)
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Les conditions d’apparition de la BOne sont pas vérifiées et par suite l’effet de la BO 

n’existe pas.

b) Cas où le coefficient de saturation estdifférent de l’unité 1
En procédant de la même manière que précédemment, nous trouvons une équation du

troixième degré de la forme :
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    Puisque le dernier terme de l’équation (5) est très petit devant l’unité (B/γ=10-11) donc la
méthode de Greaff- Lobatchevski peut être appliquée; l’équation ( 5) prend alors la forme 
suivante :
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  0303
2
0

3

3
0  BQAQ

B
cQ (5)

Les solutions de cette équation sont facilement déterminées

3.2. Cas où : 0
0110



gxgx

Dans ce cas , nous tenons compte de l’émission spontanée. De la même façon , nous

prenons les cas où le coefficient de saturation est égal à l’unité et différent de l’unité  

3.2.1. Cas où le coefficient  de saturation est égal à l’unité (ξ=1)

Nous obtenons après de simples transformations, une équation du troisième degré en
0Q de la forme suivante :
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       En résumé, pour  trouver au moins deux  solutions positives c’est à dire l’effet de la 
bistabilité optique, il faut que le pompage du milieu actif 

0a doit satisfaire aux conditions
suivantes :
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(7)

Nous constatons que les conditions ne sont pas vérifiées à la fois  et par conséquent il n’y 

a pas de bistabilité optique dans le cas où le coefficient de saturation 1 .

3.2.2. Cas où le coefficient de saturation estdifférent de l’unité 1
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Avec les mêmes étapes de calcul et utilisant les expressions de 0010 ,, ba etQQ  , nous
obtenons une équation algébrique de cinquiéme degré de la forme suivante :

0101
2
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3
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4
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5
0  EQDQCQBQAQ (8)

Où :
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3.3. Courbes d’évolution de la densité de photons 0Q en fonction du pompage du
milieu
actif

         Pour préciser les conditions d’apparition de la bistabilité optique, il est commode  
d’établir un programme qui  permet de déterminer les intervalles de la bistabilité optique en
se basant sur les conditions de l’existence d’au moins  deux solutions positives  et de 
calculer les valeurs de ( 01Q 02Q 03Q ) pour différentes valeurs des

paramétres 0b 0A , 1g , 0g ,, en prenant comme variable  0a . Puis, nous avons tracé les
courbes d’évolution  représentant les densités de photons en fonction du pompage du milieu
actif 0a pour les paramètres 0b , 0A , 1g , 0g et  (Fig.2).et (Fig3)
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(c) dans le cas où A0 varie (d) dans le cas où g0 varie.

Fig. 2. Courbes d’évolution représentant la densité de photons 0Q en fonction du pompage

du milieu actif  0a ( cas où l’on ne tient pas compte de l’émission spontanée)

(a) (b)

( c) (d)

Fig. 3. Courbes d’évolution de la densité de photons pour différents paramètres.
         (Cas où l’on tient compte de l’émission spontanée)

3.4. Discussion
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       En examinant l’influence des paramètres physique du L.S.A sur l’effet de la bistabilité 
optique, nous remarquons  qu’une  diminution du coefficient de saturation, entraîne une 
augmentation  de l’intervalle de l’effet de la bistabitité optique  et l’étendue de la densité de 
photons. Ceci peut être expliqué de la façon suivante: la différence d’énergie du milieu 
absorbant doit correspondre à la fréquence de transition du laser dans le milieu actif. A
l’état initial, l’absorbant saturable est à son opacité maximale  c’est -à -direl’état est non 
saturé.

L’irradiation lumineuse du filtre à la fréquence d’oscillation donne lieu à des processus 
d’absorption par résonance et l’émission spontanée  c’est-à-dire lorsque le pompage du
milieu absorbant  0b  augmente, la saturation est maximale. Après la fin de l’irradiation, les 
processus de relaxation assurent le retour à l’état fondamental; l’absorbant reprend son état 
initial (non saturé). Par contre, si le pompage du milieu absorbant augmente, il provoque
ainsi la saturation du milieu et engendre un accroissement de l’intervalle de l’effet de la 
bistabilité optique et par conséquent l’accroissement de l’étendue de la densité de photons. 
Pour le paramètre ( 0A ) : Si  0A  lA 0 augmente, nous remarquons une augmentation de
l’intervalle de l’effet de la bistabilité optique ainsi que l’étendue de la densité de photons. 
Cela est dû probablement à la croissance des ondes interférées qui produit une
augmentation de l’intensité dans la cavité. Pour les profils de raies 10 , gg : l’accroissement  

de  10 , gg (soit par l’augmentation de ou par la diminution de 0 jj ) entraîne des
augmentations de l’intervalle de l’effet de la bistabilité optique et de l’étendue de la densité 
de photons. Ceci peut être expliqué par : dans le cas où   augmente c’est- à -dire il y a
beaucoup de modes qui peuvent osciller. Cependant dans le cas où j diminue, le laser
tend à devenir monomode c’est -à -dire j se rapproche de 0 .

4. Linéarisation du système d’équations non linéaire au voisinage de la solution
stationnaire

      L’analyse de stabilité linéaire consiste à déterminer l’évolution de petites variations des 
équilibres. Si l’équilibre est stable, ces variations  s’amortissent dans le temps, elles 
divergent dans le cas d’un équilibre instable.

      On linéarise ce système d’équation différentiel au voisinage des solutions stationnaires, 
c’est-à-dire que l’on pose:

tnnn s 000 

tnnn s 111  

tNNN aasa 

tNNN bbsb 

Où :

bsasss NNnn ,,, 10  : sont des valeurs stationnaires.
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ba NNnn   ,,, 10 : sont des petits écarts de quantité correspondantes vis à vis de

leurs valeurs stationnaires.

En remplaçant
ba

NetNnn ,,
10 

dans les équations du système (1) et en ne gardant

dans les équations que les termes en bsasss NNnn ,,, 10  satisfont au système d’équations  (1) et

en négligeant les produits de type       bbaa NnetNnNnetNn   ., 1010 qui sont
des quantités du second ordre de petitesse, on obtient finalement un système d’équations 
différentielles linéaires par rapport aux fonctions    tNtNtntn ba   ,,, 10 qui est donné

par :
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A: La matrice représentant l’équation caractéristique du système d’équations différentielles

linéaires
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Calculons le déterminant de  IA

Où : est la valeur propre de la matrice A et est la  matrice identité d’ordre quatre.

On obtient une équation caractéristique du quatrième degré en de la forme suivante :
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.04321
234  kkkk  (10)
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On remarque que (10) est une équation algébrique du quatrième degré. Pour connaître
si l’état est stable  ou instable, il faut déterminer ses racines.

En effet si les parties réelles des quatre racines de l‘équation caractéristique (10) sont
positives, on dit que l’état bsasss NNnn ,,, 10  est stable, au contraire si l’une au moins de ces 
racines possède un partie réelle négative, cet état sera instable.

La question de la stabilité ou d’instabilité de l’état stationnaire initial revêt une 
importance fondamentale pour établir si l’auto-amorçage d’oscillation peut se réaliser dans 
un laser à filtre saturable. Si l’état initial est stable dans ce cas, les fluctuations dela densité
du champ et de la densité d’inversion de populations ne peuvent pas faire osciller le laser. 
Autrement dit, la stabilité de l’état stationnaire signifie que le pompage de l’élément actif est 
incapable à lui seul de faire passer le laser à filtre saturable au régime d’oscillation sans 
l’action d’une source secondaire. 

5. Conclusion

L’analyse de la stabilité linéaire des solutions stationnaires nous a montré l’existence de 
deux solutions stables et par conséquent le phénomène de la bistabilité optique dans le cas
où l’émission spontanée est négligée dans le système d’équation du bilan (R.A.E).  
     D’après les résultats obtenus dans l’analyse de la bistabilité optique, nous constatons que 
la branche représantant 1jQ est instable car elle a deux racines positives et une racine

négative des valeurs propres i quelques soient les paramètres du L.S.A pris dans l'

intervalle de la bistabilité optique. Par contre, les deux autres branches 0jQ et 2jQ sont

stables. L’existence de ces deux solutions stables est à l’origine de la dénomination 
bistabilité optiquedonnée à ce phénomène.
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Abstract
Maxwell equations for Electro-magnetic(EM) vector fields E and B are solved in vacuum, free
from charges and currents, and EM wave packets propagating in z direction are formed
using cylindrical coordinates ( s, φ, z ) with an average propagation vector k0 and a radial
parameter used for defining Bessel function Jn ( γ s ) of  n’th order . It is shown that these 
wave packets have a group velocity vg= ck0 / [k0

2+2] 0. 5 smaller than the standard velocity c
of light in vacuum, and they spread in z direction with progression of time, like particles
having non-zero rest mass m0 = ћγ/ c. It is shown that these slow photons can describe
motion of elementary particles like electrons and protons with regard to their velocity and
linear momentum . Quantization of energy U of these EM wave packets is done using the
condition U = ћc [k0

2 + 2 + 2] 0. 5 and then the angular momentum determined for them,
(here is the standard deviation in the propagation vector k ). After quantization, the z
components of the linear momentum and angular momentum of the wave packets are found
to be ћk0 and n ћ, respectively. It is shown that for γmuch smaller than k0 these wave
packets can appear like light photons , and for γmuch larger than k0 these wave packets can
appear like electrons and protons, with regard to their mechanics .

Key Words
Slow Photon, Electron, Rest Mass, Energy, Velocity, Linear Momentum , Angular
Momentum.

Summary
Mathematical Formulation:
Electro-magnetic (EM ) fields E and B are well known1 to follow Maxwell equations giving
divergence and curl of the vectors E and B . Plane wave solutions are normally obtained by
solving these equations in Cartesian coordinates, and velocity of these plane waves in
vacuum is known to be c = 2.99792458x1010 centimeter/second . However, the equations for
fields E and B can be solved in cylindrical coordinates ( s, φ, z) as well, using functions of the
type Jn(γs) exp(ikz + inφ–iωt ) where n is the order of the Bessel function Jn with radial
coordinate s and Bessel parameter γ, k is the wave propagation vector in z direction, and ω
is the angular frequency given by
(ω/c)2= k2 +γ2 . In the present study wave packets have been formed in vacuum ( free from
charges and currents ) using these solutions, and the time dependent motion of these wave
packets is studied numerically with the help of a high speed computer. In the following
analysis the Gaussian system of units is utilized for the EM fields. Maxwell equations1 for E
and B fields in vacuum, free of charges and currents, are :
.E = 0 ; .B = 0 ; xE = - ( B /t ) / c ; xB = ( E /t ) / c .
(1)
Each Cartesian component of E and B satisfies the wave equation :
2 = (2/t2 ) / c2 .
(2)
For the cylindrical coordinates, the z component of the E and B fields are the same as those
for the Cartesian coordinates and thus for EZ or BZ the solution is taken from the above
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wave equation. The remaining components ES , E , BS and Bare then evaluated directly
from Maxwell equations. For transverse magnetic (TM) mode BZ is zero, and for transverse
electric (TE) mode EZ is zero. For TE mode, one set of real electric and magnetic field
components in cylindrical coordinates is:
(TE)1 :
BZ = A (2R/)- 0. 5 Jn cos() [g(k)]0. 5 dk ;
BS = - A (2R)- 0. 5 (Jn /s )  [ k / ] sin() [g(k)]0. 5 dk ;
B= - A (2R)- 0. 5 n (Jn /s ) [ k / ] cos() [g(k)]0. 5 dk ;
ES = -A (2R)- 0. 5 n (Jn /s ) [ /(c )] cos() [g(k)]0. 5 dk ;
E = A (2R)- 0. 5 (Jn /s)  [  / (c )] sin() [g(k)]0. 5 dk .
(3)
where = ( kz + n - t ), A is an amplitude factor, R is the large radius of the cylinder within
which the Bessel function is normalized . For forming the wave packet, square root of the
Gaussian function g(k) has been multiplied with each of the above field components and
integration carried out over the range of k values from -∞ to +∞, with g(k) as :
g(k) = [ 1 / ( (2) 0. 5 ) ]. exp[ - (k-k0)2 / (2  2 ) ] .
(4) Another
complementary set of EM fields denoted by (TE)2 is obtainable from the field set (3) by
interchange of the cos() and sin() factors. In the present analysis, to begin with for
simplicity, the order n = 0 is considered for numerical evaluations. This then is taken as a
representation of a photon described through its EM field set. The energy density of the EM
field for the TE mode at any coordinate point ( s , , z ) at any time t is then u , given by :
u = ( BZ

2 + BS
2 + B

2 + ES
2 + E

2 ) / (8  ) .
(5)
Further integration of this energy density u is carried out over the complete range of s from 0
to R and for from 0 to 2  , so that study of variation of energy density along the z axis can
be carried out. The energy densities obtained for the field sets (TE)1 and (TE)2 , are given
symbols UZ 1 and UZ 2 , and average of these energy densities is then written as UZ . For n = 1
and higher orders the values of UZ 1 and UZ 2 are found to be equal and have the same
analytical form as for the UZ obtained for the n = 0 order. Thus , in general
UZ = A2 . { f1 ( z , t ) + f2 ( z , t ) } / (162 ) ; where
(6)
f1 (z, t) = { cos() [g(k)]0. 5 dk }2 + { (k/) sin() [ g(k)]0. 5 dk }2 + { [/(c)] sin() [g(k)]0. 5dk
}2 ; f2 (z, t) = { sin() [g(k)]0. 5 dk }2 + { (k/)cos() [ g(k)]0. 5 dk }2 + { [/(c)] cos()
[g(k)]0. 5dk }2 ;
with = (kz - t) . Further, integration of the UZ over z from -to +gives the energy U of
the photon, upon also completing the k integration as:
U=A2[k0

2+2+2] / [42 ] .
(7)
Computational Results and Application to Laser Beams and Massive Particles:
Numerical evaluation of UZ for the TE mode is done from equation (6), with value of c taken
as 1 and amplitude A also taken as 1, for ease of calculation. The photon parameters are
taken as:
k0 = , = , = 0.1. Figure 1 shows the variation of UZ with z at t = 0. It is seen from
the figure that the maxima of energy density of the EM field is located near z = 0. Figure 2
shows the variation of UZ with z at times t = 0, 5, 10, 15, and 20 seconds (as series 1, 2, 3,
4 and 5 respectively). The location of the peak in energy density UZ permits identification of
the photon location z(t) at different times t. Figure 3 shows the variation of photon location
z(t) with time t for two values of as and 2(as series 1 and 2)and it is seen that the
velocity vg = dz(t) / dt of the photon comes out to be less than the unity value taken for c. By
studying other examples with different k0 and  values it is found that the photon velocity
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fits very well the group velocity formula: vg = ck 0 / [ k0
2 +  2 ] 0. 5

(8)
When the parameter is zero , the field solution given by field set (3) can be reduced to that
for plane waves , and in that case our value of vg also becomes equal to c .Thus it is stated
that for photons having narrow dimensions in the direction transverse to the direction of
propagation, such as for laser beams of light, the velocity of the laser photons in vacuum can
be smaller than the standard velocity of light in vacuum, depending upon how narrow is the
laser beam of light . For describing the lateral size of the photon in the case of the above
studied example (k0 = , = , = 0.1) the energy density u ( averaged over the pair of
complementary fields ) for the n = 0 order is shown with the radial coordinate s in figure 4 at
time t = 0 , at position z = 0 ; and at time t = 40 seconds at position z = vgt = 28.284 ( as
series 1 and 2 respectively) . It is seen that the graphs for the two times almost overlap each
other in radial dependence. The transverse radial width of the central peak in the energy
density of the photon is found to be nearly 3.832/ where the factor 3.832 arises from the
first zero of Bessel function J1 . As an example, for ruby laser light 2 of wavelength 0.6943
micron , with the laser beam radius as 1mm; k0 = 9.049669 micron -1 , = 3.832 mm -1 ,
which gives vg = 0.9999999103 c. Thus experimental measurements involving narrow laser
beams of light should correct for this reduction in light velocity. It is further noted from figures
2 and 4 that with progression of time , the peak height of the energy density slowly
decreases and its width increases along the z axis , due to the individual (k , ) components
in the wave packet having different phase velocities. There is no transverse spreading of the
wave packet un-like that for laser beams 2 of light, while the longitudinal spreading is like
that for quantum mechanical 3 spreading of particle wave packets. Thus narrow lateral width
photons travel at slower than the standard velocity of light, and also have spreading in size,
and on both these counts behave like matter particles. If photon energy U is quantized as
ћ0 and photon momentum p as ћk0, then equation (0/c)2 = k0

2 + 2 can be transformed to
: U2 = c2 p2 + m0

2 c4 ,
with m0 = ћ  / c .
(9)
giving a finite rest mass to the photon depending upon its transverse size, while at the same
time providing the relativistic energy-momentum relationship of special theory of relativity 3 & 4

.
Application to Electrons and Protons:
This analysis is further applied to electrons , considering them to be wave packets of Electro-
magnetic field. Taking the rest mass of the electron as me and putting it equal toћ/ c from
equation (9), the value of the Bessel parameter is obtained as 2.5896 x 1010 cm-1 . Further
to consider the electron in motion a typical value of k0 = 10000is chosen , and  is taken
as 10 for an example. Figure 5 shows the numerically evaluated energy density Uz
evaluated from equation (6) as a function of axial coordinate z at times t = 0.0 sec ,
0.00001sec , 0.00002 sec and 0.00003 sec . The position of the peak in Uz at time t =
0.00001 second is found to be at z = 0.365 cm , which agrees very well with the group
velocity vg = 36369.5 cm/sec given by equation (8) with the chosen values of k0 and . For
comparison the plane wave beam of light in time t = 0.00001 sec would have traveled
299792 cm. Thus the electron does behave like a slow photon as described above using
electro-magnetic field for its description. Further , an evaluation of particle velocity from ћk0 /
me also gives its velocity agreeing exactly with that from equation (8) . The radial
dependence of the energy density u with radial coordinate s is shown for the n = 0 order
considered in figure 6 at time t = 0 sec at z = 0 cm; and at time t = 0.00001 sec at z = 0.365
cm as (series 1 and 2 ), and it is seen that it falls very rapidly with radius near s = 0 , but at
higher s values it falls quite slowly as 1/s , since it is arising due to square of the Bessel
functions . The long range slow fall of the energy density u with radius should permit the
electron to have long range interaction with other electrons, as is required for Coulomb
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interaction1 between charged particles. This description of the electron as a slow photon
allows it to be transversely compact ( localized) and still be de-localized enough for long
range interactions in transverse directions. Results for motion of protons with time shall be
similar to those shown in figures 5 and 6 for the electron, with the mass of the proton mp to
be used in place of mass me of the electron in the numerical evaluations.
Linear Momentum:
The linear momentum density 1 of the Electro-magnetic field is given by (ExB) / (4c). Using
one TE mode of EM field given by (TE)1 , and integrating the momentum density over the
complete volume , including integration over the range of k values, one obtains the z
component of the total momentum of the field ( now the particle ) as:
PZ = [ A2 / (4 c 2 ) ] .  (k/c) g(k) dk .
(10)
It is easily verified analytically that this result applies equally well for TM and TE modes , for
each individual order n of the Bessel function. For the case of non-zero rest mass particles
like electron the value of is much larger than k0 and the value of PZ from equation (10)
reduces to
PZ = A2 k0 / (4c) ; which is like what it should be for a particle of rest mass m0 =ћ/ c ,
rest mass energy as U0 = A2 / (4) and velocity vg = ck0 /from equations (7) , (8) and (9) .
For the other case where k0 is much larger than , such as for laser beam of light , the value
of PZ from equation (10) reduces to: PZ = A2 [ k0

2 + 2 ]/ [4c2 ] ; which on comparison with
U from equation (7) shows that PZ = U / c as it should be for normal photons. Thus our
description of Slow Photons in Vacuum is capable of explaining several aspects of light as
well as of particles having non-zero rest mass like Electrons. A hypotheses is made at this
stage of the paper that the Elementary Particles like Electrons and Protons are actually
wave packets of Electro-Magnetic field and these wave packets need to be further
investigated to fully establish the identity of the fundamental particles.
Quantization:
The wave packets are now quantized , so that the amplitude A of the EM fields can be
specified, and the quantization condition is defined through the energy of the wave packet ,
equally well for both TM and TE modes as :
U=A2[k0

2+2+2] / [42 ] = ћ c [k0
2+2+2] 0. 5 .

(11)
It is seen that in the limit of k0 much larger than and , U becomes equal to ћck0 with 
also becoming equal to ck0 ; and in the limit of much larger than k0 and , U becomes
equal to ћcwith also becoming equal to c. The quantization condition (11) thus leads to
:
A2 = 4 ћ c 2 [k0

2+2+2] - 0. 5 .
(12)
The linear momentum in the z direction , under the above given quantization condition
becomes:
PZ = ћ [k0

2+2+2] - 0. 5  k [k2+2] 0. 5 g(k) dk .
(13)
In the limit of k0 large compared to and  , PZ becomes ћ k0 and U becomes ћc k0 ,
leading to PZ equal to U / c as is normally required for light photons. Further, in the limit of 
large compared to k0 and  , PZ again becomes ћk0 while U becomes ћcwhich is like
that for a particle of rest massћ/ c as already noted above .
Angular Momentum:
The EM field set given by the (TE)1 mode given by equations (3) for any order n can be
used for evaluation of the orbital angular momentum density r x (ExB) / (4c) of the EM
field for any order n . The z component of the angular momentum density of the EM field , in
cylindrical coordinates is s ( EZ BS - ES BZ ) / (4c) which for TM modes becomes s EZ
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BS / (4c) and for TE modes becomes - s ES BZ / (4c) for any order n . Integration over
the complete volume then gives the z component of Angular Momentum LZ as :
LZ = n [ A2 / (4 c 2 ) ] .  [k2+2] 0. 5 g(k) dk .
(14)
for each of the (TE)1 and (TE )2 modes, for any order n , with the value of LZ being same for
TM modes as well . Upon putting the value of A2 from equation (12) this value of LZ

becomes :
LZ = n ћ [k0

2+2+2] - 0. 5  [k2+2] 0. 5 g(k) dk .
(15)
It is seen that in the limit of k0 much larger than and  the LZ becomes equal to n ћ , and
in the limit of much larger than k0 and  the LZ again becomes equal to n ћ. Thus it is
seen that for both normal light photons and for electron particle like photon wave packets the
z component of angular momentum of the EM field is n ћ. As the Bessel functions Jn can
have positive and negative values of n , the z component of angular momentum of any given
individual TE (or TM) mode can have a value n ћ or - n ћ. Thus for a given order of
magnitude |n| only two possible values of LZ are allowed as nћ or - n ћ, and not ( 2 n
+ 1) values . The two spin states of the electron , with spin as ± ½ as introduced by the
description of the electron through the Dirac equation3 now appear simply as only two
possible azimuthal dependences of the wave function, associated with Bessel function of
any integer order except for the zeroth order.
It is thus shown that under different values of wave parameters k0 , and Bessel order
n these slow EM wave packets in vacuum can appear like light photons as well as like
electrons and protons , with regard to their mechanical features of velocity , energy ,
rest mass , linear momentum and angular momentum.
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Figure 3. Figure 4.

Figure 5. Figure 6.
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Ref ETOP099

Motivating Students and Reinforcing Foundational Concepts Through Effective
Course Design and Curriculum Integration

Barry L. Shoop

Abstracts
Effective course design that is focused on system-level applications can effectively enhance
student motivation and inquiry-based learning. Deliberate curriculum integration of topical
linkages and recurring thematic examples demonstrate course-to-course disciplinary
linkages and reinforce foundational concepts. The goal of effective course design is to
motivate student interest and learning throughout the course and develop inquiry-based
techniques. Curriculum integration includes longitudinal integration of recurring thematic
examples that provide opportunities for students to revisit familiar examples with new tools
and look at these examples from a different perspective. Integrating these techniques
motivates student interest and reinforces foundational concepts through repetition.

Summary
Many undergraduate courses are structured to present underlying theoretical concepts first in
the course curriculum and then subsequently, after covering the necessary theoretical
concepts, introduce system-level applications. A traditional photonics engineering course, for
example, first reviews electromagnetic field theory, addressing essential concepts from
geometrical and wave optics followed by an investigation of the interaction of photons with
materials. Building upon these fundamental principles, the students then study the operating
principles and design considerations of photoemitters, photodetectors, optical waveguides,
and optical modulators. Individual devices are then combined in the design, construction and
testing of a system –an example being a fiber optic communication link. This approach is
often frustrating for the students because it is the applications that motivated them to study
the subject and in many cases they have lost focus and interest well-before the applications
are covered.

Additionally, concept reinforcement within individual courses and among courses in the
curriculum is frequently not deliberate. Students often fail to understand the importance of
linkages within and among courses and subjects, and instead view their education as a
series of disjoint and unrelated topics and courses. Making conceptual linkages and
transferring knowledge from one context to another is a particularly important skill to teach
students and, as importantly, is an effective teaching technique. Learning new information is
more effective and efficient if the new information is framed within a known context and in
fact, deduced from an established knowledge base. Many of the most accomplished and
successful scientists and engineers understand new concepts by relating them to
foundational theories and framing the new concepts within the context of their own
knowledge and experience. In a course like photonics engineering, earlier courses in
chemistry, physics, electromagnetic fields and waves, signals and systems, and solid state
electronics must all be leveraged to make the most effective use of time, extend previously
developed foundational concepts to new applications, and deliberately reinforce those
concepts.

Both of these challenges can be overcome by deliberate course and curriculum design. The
first can be overcome by designing courses around a system-based application and the
second by deliberate integration of the curriculum. The system-based application can be
introduced early in the course and used effectively to motivate student-centric, inquiry-based
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education. Integration of the curriculum begins by identifying common foundational themes
within and between courses, and highlighting these to students as the topical coverage
warrants. Deliberate integration of the curriculum is accomplished by not only identifying the
foundational themes through conceptual abstraction, but also, by design of common
exemplars.

An example of this type of course design was applied to an introductory photonics
engineering course,19,20 where an emphasis is placed on an inquiry-based investigation of
an optical communication system which is introduced in the first lesson of the course and
subsequently used as the educational vehicle throughout the remainder of the course. The
underlying theory necessary to understand foundational concepts, device behavior and
subsystem operation is presented in a just-in-time fashion. The goal of this methodology is to
motivate student interest and learning throughout the course and develop inquiry-based
techniques. Photonics Engineering is an upper-division course that was taught by studying a
fully-functional wavelength division multiplexing (WDM) optical communication system
described in Figure 1. Study of a particular subsystem began by allowing students to ask
questions about the associated devices of the operational system. Subsequent lessons were
then dedicated to answering the student questions and developing the theory necessary to
quantify or qualify the answers. A special emphasis was placed on reinforcing concepts with
device-specific laboratory exercises. Whenever possible, the linkages were established with
material from previous courses. Although this approach sometimes presented difficult
concepts early in the semester, requiring a level of abstraction with unanswered questions,
the same material was covered in the restructured course as in the previous traditional
course.

Figure 1. Course flow for wavelength division multiplexed (WDM) optical communication
system-based study.

Based on an analysis of assessment tools over a three-year period, the academic
performance of the student remained unchanged; the evaluation of knowledge and skill
outcomes compared to course objectives reflected a similar level of comprehension for both
the traditional and system-based instruction. Despite a reduction in course content, and
sometimes incomplete theoretical development, the students were able to perform at an
appropriate academic level, especially when asked to integrate photonic devices in
operational systems.

Perhaps even more important than academic performance was the increase in the student
excitement for the material and the intellectual curiosity of the students. At the beginning of
the semester, the average student was reluctant to ask questions or comment on the

19 G. A. Nowak, G. M. Burrow and B. L. Shoop, “System-based Introductory PhotonicsEngineering Course,” Invited Presentation, in
Proceedings of Frontiers in Optics, Forum on Education, Rochester, NY (2004).
20 G. M. Burrow, G. A. Nowak, and B. L. Shoop, “System-based Introductory Photonics Engineering Course - II,” in Proceedings of Frontiers in
Optics, Forum on Education, Tucson, AZ (2005).
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observed characteristics of the operational WDM system. By the end of the term, the
intellectual maturity of the student increased to the point that several lessons became free-
flowing discussions of the topic.

Additionally, in the Electrical Engineering curriculum at West Point, curriculum integration is
accomplished through deliberate curriculum design where topical linkages and recurring
thematic examples are used to demonstrate course-to-course disciplinary linkages and
reinforce foundational concepts. One example of a deliberate curriculum integration21 theme
is one which strives to unify the development of topics such as resonance, filtering, stability,
transmission line behavior, and spectral characteristics of lasers in courses such as signals
and systems, basic electric circuits, controls, electromagnetic fields, and photonics from
mathematical models and analysis techniques associated with second-order linear system
response describing damped harmonic oscillators.

21 B. L. Shoop, G. A. Nowak, and L. A. Shay, “Deliberate Longitudinal Curricular Integration: Topical Linkages and Concept
Reinforcement,” in Proceedings of the 2005 American Society for Engineering Education Annual Conference & Exposition, Portland,
Oregon (2005).
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Ref ETOP100

A model based simulator for integrated optical circuits and free space

Luigi Pacco, Francesco Morichetti and Andrea Melloni

Abstract
A circuit-oriented simulator operating in the spectral domain is presented as a very powerful
instrument for advanced analysis of integrated and free-space optical devices. By combining
elementary optical building blocks, which can be modelled at different levels of accuracy,
complex optical circuits (filters, multiplexers, switches and so on) can be easily generated
and their spectral properties fully derived. Computational times are order of magnitude lower
than those required by electromagnetic methods.

Summary
The state of the art of numerical simulators in optics is represented by very advanced 3D
electromagnetic (EM) methods for a very accurate modelling of wave propagation in optical
structured media. Despite different algorithms have been optimised to speed up simulations,
any electromagnetic approach is extremely time consuming and is not applicable to the
analysis of complex optical circuits including many components.
In this contribution an Advanced Simulator for Photonic Integrated Circuits (ASPIC) is
presented, which can be very powerful for the modelling of optical components realized both
in integrated optical technologies and free-space. The key-point of the circuit-oriented
simulator is that any generic circuit consists of sets of elementary optical building blocks (e.
g. waveguides, bends, power splitters, delay lines and so on), each one associated to a
suitable model. A model is a set of mathematical equations describing a device with a
desired level of accuracy and focusing only on particular properties of the same. Therefore,
for each building block, the model is not unique, but several models are available in libraries
and even customisable by the user, for instance on the basis of some EM simulations,
performed by means of suitable commercial simulators. In this way the accuracy of the
simulation can be improved only if and where it is strictly necessary inside the circuit. This
approach leads to a computational time reduction of several order of magnitude with respect
to any electromagnetic simulator, allowing in that way to simulate circuits as complex as the
that one represented in Fig. 1.
This circuit, including many ring resonators, Bragg gratings, directional couplers, can be used
as an optical add-drop multiplexer (OADM) for wavelength division multiplexing (WDM)
optical systems .

Fig. 1. Representation of an integrated optical circuit. Almost impossible to simulate with
electromagnetic simulators, this circuit takes just few seconds for several hundreds of
wavelengths to be analysed with a model based simulator.
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All the computation is carried out in the spectral domain, but an extension to the time domain
is in progress. The spectral behaviour of the circuit can be returned in terms of amplitude
(Fig.2), phase, group delay, dispersion and polarization state. Several independent light
sources, each one with its own spectrum, can be placed in different point of the circuit and
each portion of the circuit can be monitored itself as an output port, simply after one
simulation run.

The parameters of each component can be defined by variables (or expressions). Variables
can be noisy, described through a formatted file and they can be used as indipendent
variable to perform the simulation. As an example in the optical isolator represented in Fig. 3,
consisting of a Faraday rotator sandwiched between two suitably oriented polarizers, the
scanned variable is the rotation angle (theta)that the field experienced passing throgh the
Faraday rotator. Results are plotted in Fig. 4.

In conclusion, this approach is very flexible and can find many applications at different levels
of expertise. In educational environments it could permit to increase the learning efficiency
through an attractive process: students are able to “play” with circuits seen in the classroom, 
while professors could exploit it as a useful support during their lessons.

Fig. 4. Output power at the left side (red) and the right side (blue). Since the polarizer placed on the right
side is oriented 45° clockwise with respect to the one on the left, there is a maximum transmitted power at an
imposed field rotation of 45° (clockwise) passing from left to right and a minimum entering from the
opposite side.

Fig 3. Representation of the optical isolator.
Sources are present at both sides.

Fig. 2. Simulated spectral response of the circuits represented in fig. 1.
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Ref ETOP102

Teaching otherwise…to learning better

Saloua FENNICHE TRABELSI

Abstracts
It means to do: on the one hand, a comparative study between teaching in the beginning of

XX th century and now, on the other hand a comparative study between teaching with a
problem and teaching with the predictions (teaching of physical generally and optic
particularly).

The first study will be done from a text righted in 1920 witch the author put the accent
about what can the school offer to the pupils and what the pupils expect from the school.

Summary :
1ère partie:
- présentation du texte
- présentation des grandes lignes de la recherche auprés d\' un certain nombre
d\'enseignants
- présenter les résultats de la recherche
- commentaires

2ème partie
- apercu bref sur l\' état actuel de l\'enseignement de l\'optique dans les écoles et les lycées
- remédiations: * l\'enseignement par le problème: débuter une séance de cours ou de TP
par une situation problème de la vie courante, l\'apprenant sera confroté à un obstacle qu\'il
ne peut dépasser qu\'aprés ( ou au cours de ) la séance.

* l\'enseignement par prédictions: On adopte ici la méthode expérimentale à
propement parlé; en effet on débute la séance par un prétest dans lequel l\'apprenant
essaye de prédire des réponses à certaines questions et d\'émettre des hypothèses
concernant certains faits réels ou expérimentaux, ensuite l\'expérience confirmera ou
infirmera ces réponses.
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Ref ETOP102

Saloua FENNICHE TRABELSI

Abstracts
Il s\'agit de faire, d\'une part, une étude comparative de l\'enseignement au début du siècle
passé et celui d\'aujourd\'hui et d\'autre part de l\'enseignement par le problème et celui par
les prédictions (enseignement de la physique en général et celui de l\'optique en particulier).
La première étude se fera à partir d\'un texte écrit en 1920 dans lequel l\'auteur met l\'accent
sur ce qu\'offre l\'école à l\'enfant et ce à quoi l\'enfant aspire. Cette intervention se basera
essentiellement sur les résultats d\'une recherche faite auprés des enseignants des collèges
et des lycées à ce propos.
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Ref ETOP103

Europtics : an international master in Optics and Photonics

François Flory, Michel Lequime, Hans Eichler, Mario Martinelli, Heinar Schmitt, Andrea
Melloni, Michael Paul

Abstracts
The Ecole Généraliste d’Ingénieurs de Marseille (France), the Politecnico di Milano (Italy) 
and the Technische Universität Berlin (Germany) have joined forces within a new academic
consortium (EUROPTICS) to set up a highly innovative top-quality European Masters
programme in advanced optics for the information society.
The Course all in English aims to provide high-level theoretical and technical competence in
the fields of optics, photonics and optoelectronics. Students on the programme have a
unique opportunity to study within a truly multicultural environment, by spending time at each
participating institution in turn: Marseille; Berlin and Milan. The organization and the
pedagogy will be presented.

Summary
Top level opticians and photonicians must obviously be capable in working in a
multidisciplinary and multicultural environment. They are enriched by participating in
research in a laboratory. They must also be aware of the challenges and organization of the
companies. These three objectives are reached in the Europtics master thanks to an original
organization of the studies in three different countries, thanks to course taught by high level
researchers close to their laboratory, and thanks to an internship in a professional
environment. This was our motivation for setting up an original European master.
The Ecole Généraliste d’Ingénieurs de Marseille (France), Technische Universität Berlin 
(Germany) and the Politecnico di Milano (Italy) decided in 2001 to offer a joint Programme of
study leading to the joint award by the three institutions of the European Master of Science in
Optics for the Information Society. The master was launched in 2002.
We choose to propose this master to students from different countries and different cultures
during the whole course. The program was launched with students from the three partner
institutions and is now extended to students from other institutions and countries.
1. Organization of the studies
They have at least four years of studies in physics. The students are all together during the
course, apart the training period. They spend 2 to 3 months in France, in Germany and in
Italy, their training period lasting 4 months taking place in any country. As the students
compose a small group, the relations between them are strong. At the beginning of the
course they benefit from an intercultural meeting. The courses are taught in English and 20
to 30 hours of French language, German language and Italian language are proposed in the
different countries.
During their stay in Marseille, in strong interaction with researchers, they have to perform a
bibliography on a research problem.
During their stay in Berlin they have to work with a company on a small project.
During their stay in Milan they are involved in an applied research work.
So they have both a first experience in industry and in a research laboratory. This experience
is reinforced by the 4 month training period.
The courses are roughly divided in optical components and electromagnetism, lasers and
optical memories and optical telecommunications. These three parts correspond to particular
competences respectively at the Fresnel Institute in France, the optics department in
Germany and the Corecom in Italy.
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A joint committee comprising two nominees from each Institution plus a Master Director from
the Coordinating Institute is in charge of
(i) recruitment and admission of students;
(ii) operation of the course (e.g. staffing, timetabling, accommodation);
(iii) management of assessment including assessment requirements;
(iv) identification of course-related resource needs;
(v) production and maintenance of comprehensive student course documentation;
(vi) monitoring and evaluation of the course and follow up actions;
(vii) approval of the annual course monitoring report(s) for the course (such reports shall
be forwarded to the appropriate staff at the Institutions);
(viii) recommendations relating to initial approval and subsequent modification of courses
and regulations;
(x) recommendations on the level of tuition fees and the distribution of tuition fees and
share of student load;
(xi) decision on the composition of the Examining board.
The joint committee produces an annual report.
One of the nominee from each Partner acts as Local Director.

2. prerequisites
Full-time MSc students are expected to have at least a Bachelor\'s degree or the equivalent
qualification in Physics, Applied Physics or Electrical Engineering.
They must fulfil the following conditions :
- a certificate of proficiency in the English language (except for native speakers) :
* TOEIC : 750 points min. or
* Computer-based TOEFL : 215 points min. or
- sufficient results at the GRE general test and subject test in physics
3. Assessments
The grades are provided by the institution where the course takes place, following the local
regulation. The examination board composed of teachers from the three partner institutions
validates the marks submitted by each Partner Institution, and recommends to the Joint
Committee the award of the degree.
4. Employment
We have only a small experience on the employments of the Europtics graduates. The first
are employed in companies where they performed their internship or start a PhD thesis. The
companies are all concerned with the international market.
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Ref ETOP104

International linking of research and development on the model of Laser Centre
Hanover

Klaus-Dieter Nowitzki, Olaf Boedecker

Laser Zentrum Hannover e.V., Hollerithallee 8 30419 Hannover, Germany

Abstract
Asia is becoming one of the most important regions in the world from the political, economic
and scientific point of view. Germany believes that it is becoming increasingly necessary to
cooperate with certain Asian countries especially for scientific and technological reasons.
Above and beyond exchanges of scientists, the scientific and technological cooperation will be
organized to cover projects with specific targets and to find solutions to important problems.
International economic development is characterized by a mixture of competition and
cooperation within the context of growing globalization. Germany, being one of the world’s 
largest exporting nation, must therefore combine its active role in cooperation with these
countries in the fields of education, research and innovation with economic cooperation. The
Laser Centre Hanover pursues the goal of establishing and operating a Chinese German
center for training and further education in laser technology and setting up a joint platform for
long-term German Chinese cooperation in laser technology. An optimized training-
infrastructure combined with modern production processes support consequently long-term
German businesses in China and secures their market-shares. LZH establishes Laser
academies for skilled workers and technical decision makers in Shanghai and Changchun
together with local universities and German partners.
Due to the economic growth, Russia records since more than two years, the economic
conditions are improving the cooperation between Germany and Russia step-by-step. The
main goal of Russian science-politics is to stabilize an efficient scientific-technical potential
with better chances in the global competition. The German-Russian scientific and
technological cooperation plays an important role in this context. It has
considerablyincreased in the last years in terms of width and depth and virtually includes all
areas of science and technology at present. The region around Moscow is regarded as the
by far strongest economic region in Russia. The LZH establishes a
testing-, education and consulting-center for laser technology, to support Russian SMEs
regarding the use of modern laser technology in production. The technology- und innovation
transfer process for German laser manufacturers and research institutes in Russia is
completed by the establishment of a German-Russian network for optical technologies.
Both projects are sponsored by the German Federal Ministry of Education and Research.

Key words
Lasertechnology; Lasermaterialprocessing; Training and further education; Testing and
consulting; Training of skilled workers and laser operator; China; Russia; Sino German Laser
Academy, Moscow Laser Innovation Center; Laser Zentrum Hannover; Changchun;
Shanghai, Changchun University of Science and Technology; Tongji University; Moscow
Laser Association

Summary
Today’s globalization affects every sector in industry and research. The dynamics and 
complexity especially in high technology industries moves the request to use this
globalization trend for improving scientific and technological efficiency to the foreground.
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The Laser Centre Hannover (LZH) is presently involved in two international cooperation
projects. In China the LZH is establishing a Sino German Laser Academy together with
Chinese Universities and in Moscow the LZH is establishing a testing, consulting and training
centre for laser technology, called the Moscow Laser Innovation Centre. Both projects are
set up in close cooperation with the German Laser Industry and cooperation partner in China
and Russia. The two projects are presented in this paper.

Sino German Laser Academy
The Chinese economy has been on a rapid growth course for years. For Germany China is
now the most important cooperation partner in Asia. Especially the large German industry
sectors, e.g. the automotive manufacturers, profit from this development to a high extent.
The production in China secures competitive advantages and a direct entrance for these
enterprises to the gigantic Chinese market. But sustainable growth isn't possible in these
sectors without qualified engineers and skilled workers.
When it comes to the opening up of new markets, the German machinery- and automobile
manufacturers often take over a pioneering role. For more than 15 years Volkswagen/Audi
have been active in its Shanghai and Changchun joint ventures. Many suppliers have
followed the large automobile groups to China. Since the WTO joining of China which led to
a reduction in the import customs duties on automobiles the automobile producers feel
exposed to a strong competition for marks shares, prices and quality. In view of this
competition the requirements on efficiency and productivity have increased in China.

Laser technology in production
Laser technology is already an integral part in many production processes. The Automotive
industry for example uses laser welding, laser cutting and marking. The handling of such
high technological events presupposes a high degree of know-how of the operating
personnel. However, the level of education of most technical qualified employees is
comparatively low. One reason is the lacking practice orientation in the education. The
majority of skilled workers does not possess profession relevant abilities, method
competences and the ability to transfer knowledge into practice. Most technical qualified
employees also show considerable deficits in the so-called soft-skills like self-initiative,
flexibility or independence, e.g. at the remedying of problems. Therefore mainly semi-skilled
staff or engineers operate complex laser-machines in China. Moreover, Chinese employees
frequently show fear of changing parameters arbitrary since they fear to be dragged to
account for possible disturbances.
For German manufacturers in China, the lack of availability of well-trained and qualified
employees is a considerable problem and slows down the establishing and development of
new and existing manufacturing plants in China. A skilled worker compared to German
educational standards is unknown in China; the education of engineers and other technical
qualified employees in China has strong theoretical emphases with only low practice
orientation and is often not state of the art.
The Laser Zentrum Hannover e.V. (LZH) takes this in consideration and supports German
and Chinese companies by training skilled workers and laser operators in China. For more
than 12 year the LZH has been training skilled workers and engineers in applied laser
technology in Germany. In the context of the laser expert training the participants gain the
theoretical and practical knowledge of the four modules, laser basics, laser welding, laser
cutting as well as surface processing and treatment. These curricula and course materials
serve as a basis for the skilled worker education in China. Sponsored by the Federal Ministry
for education and research (BMBF) and supported by enterprises of the German photonics
industry the LZH offers at two locations in Shanghai and Changchun the certified laser expert
qualification in addition to a wide spectrum of seminars, like laser and work safety, laser in
production or robotics.
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Fig. 1: Important locations for Optical Technologies and applications in China.

As cooperation partners the Changchun University of Science and Technology (CUST) as
well as the Tongji University in Shanghai could be won. Both institutions support the project
with laboratory space, seminar rooms and training personnel. The central component of the
project contains the construction and operation of a nationwide German Chinese Training
and Education Centre for laser technology in China, the Sino German Laser Academy. The
project pursues the aim of strengthening the technological use of laser technology in German
enterprises, German Chinese joint ventures and Chinese enterprises in China by educating a
sufficient number of well trained skilled workers and engineers
Besides the theoretical training of state-of-the-art laser technology the practical training is of
central importance. Companies of the German photonic industry provide laser-systems and
components for the training. The customization of the Curricula and teaching material to
cultural and language requirements is imperative for the success of this education-project in
China. Together with the LZH the universities develop courses and seminars to establish
education in accordance with the quality requirements of the laser technology industry in
China. The German companies involved, also offer workshops, seminars and industry days
at the two locations.

Moscow Laser Innovation Centre (MLIC)
For more than twelve years there has been a close cooperation between German and
Russian research-facilities and businesses.
Besides the cooperation in joined R&D-projects, one of the central topics in the past has
been also the qualification of Russian managers in the field of laser-technology. Through
dedicated measures, such qualifications could have been build up that are inalienable for
international cooperation on the level of general management. Information exchange was
another main focus of the bilateral cooperation and led to joined presentations of R&D results
of German and Russian R&D-institutions at international fairs in Germany.
Germany is the most important trade partner of Russia world-wide (11% of the Russian
foreign trade). More than 1000 agencies of German companies are present in Russia, the
majority is located in Moscow and St. Petersburg. The number of German companies in
Moscow has increased by about 20% in the last years.

Laser-technology as a future-technology in Russia
Today is to be determined that highly qualified graduates are trained in the Russian
research-facilities in the field of laser-technology. These graduates however have only a
limited knowledge about the application potential and the concrete industrial utilization of
laser technology and modern optics. Also the qualification level of skilled workers is fairly
weak. In the past executives were primarily trained. As a result sensitivity could be
implemented in numerous businesses for modern production technologies. Now the aim is to
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train multipliers on the level of skilled workers, technicians and technical decision makers to
guarantee a wide circulation of laser knowledge on a long term basis.

Situation of the Russian SMEs
According to an analysis done by experts of the Laser Association Moscow the momentary
use of laser technology does not correspond to the requirements of establishing modern
production technologies in Moscow, as the most important industrial center in Russia. Still,
the potential of local laser-institutes and companies is scooped out only in bases. The main
reasons are:

 insufficient financial resources for investments,
 lacking knowledge of the existing technologies and their use-potential in modern

production
 a dramatic lack of qualified skilled workers and technicians that prevent the optimized

use of laser-material-processes massively.

Project-description
The Russian Ministry of Science has decided to construct some regional testing and
consulting centers in the last year. Starting in Moscow with the MOSCOW Laser Innovation
Centre (MOSLIC). Based on the experiences of the German EBZ (Erprobungs- und
Beratungszentren –Testing and Consulting centers) sponsored by the German BMBF in the
past, Russian officials rapidly started a knowledge and experience exchange with the former
secretariat of the EBZ, the Laser Centre Hanover e.V. to develop a successful concept how
to set up a similar structure in Russia.
For the Russian administration, the network of the planned regional EBZ with international
partners has top priority, the cooperation with German facilities is most important. On the
basis of the industrial and university infrastructure as well as the presence of German
businesses, the testing- an consulting center planned for Moscow and later on a second one
intended for St. Petersburg have an enormous impact. To be present in Moscow means to
have a permanent exchange with the most important Russian companies and research-
facilities.

Choosing the right location: Moscow
Moscow plays a key-role in the economy of the country. Its share at the Russian GDP
amounts to 12.5 percent.
Institutions relevant for the project in Moscow:

Industry:

 1300 large-scale enterprises with production-places
 Several hundred SMEs with own production
 Job-shops with need of laser technology, laser-material-processing (Approx. 350

businesses are known)
 Approximately 26 manufacturers of laser systems and components (p.a. output

approximately 200 systems)
 Several hundred research-institutes
 more than 80 colleges, at which 250 000 students are educated in 380 different fields,
 38 medical research-institutes
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Fig. 2 The structure of industrial laser use in
Moscow

Fig. 3: Structure of demand for mass laser
material processing in Moscow

Qualification of personnel:
The demand of qualified personnel (education in laser-technology) is currently approximately
78 % of the relevant enterprises in the Moscow region.
At the moment none of Moscow’s universities is able to guarantee the requested education
with modern laser-infrastructure

The role of Laser Centre Hanover e.V.
The Laser Centre Hanover e.V. has a long experience in organizing and operating laser
testing- and consulting centers in Germany. From 1995 until 2001 LZH acted as the central
office for 60 centers in Germany as part of a BMBF project. In Moscow, together with its
cooperation partner, the Laser Association of Moscow (LAS), the LZH etabslishes the
Moscow Laser Innovation Centre (MOSLIC).
The city council of Moscow supports the project with premises for application, testing and
training as well as a showroom for German laser technology. The cooperation with German
laser and optical components manufacturers (e.g. Trumpf Laser) as well as German laser
research institutions is of high meaning for this project.
In the first phase LZH supports LAS by establishing a training and further education
infrastructure. Similar to the project in China, the existing training material for the German
certified laser expert will be the basis in Moscow, too. Training will be given on one hand to
Russian skilled workers, technicians and laser operating personal. On the other hand,
manager and engineers of Russian SMEs will be introduced to or trained in modern laser
technology for production processes. Courses and seminars will also cover exchange visits
in Germany. Besides the training aspect the Innovation Centre will support the Moscow
SMEs regarding technological and economic advice for using laser technology and will be
able to demonstrate real life material processing methods on modern laser hardware.

Conclusions
The Chinese economy has been on a rapid growth course for years. For Germany China is
now the most important cooperation partner in Asia. Especially the large German industry
sectors, e.g. the automotive manufacturers, profit from this development to a high extent.
The production in China secures competitive advantages and a direct entrance for these
enterprises to the gigantic Chinese market. But sustainable growth is not possible in these
sectors without qualified engineers and skilled workers. The Laser Zentrum Hannover e.V.
establishes an optimized laser education infrastructure for Chinese personnel secures job
and supports German-Chinese joint venture companies by offering education in applied laser
technology.
In Moscow the Moscow Laser Innovation Centre offers German companies and research
institutes the opportunity to run technology and innovation transfer in Russia by optimizing
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the education infrastructure as well as promoting the use of modern laser material
processing systems in Russian SMEs.
Nevertheless both projects are aimed at establishing international network structures for
institutions in laser and optical technologies. Especially the testing- and consulting centers
offer a chance for an intense long-term relationship between German and Russian SMEs.

Acknowledgements
The two projects have been financed by the German Federal Ministry of Education and
Research (BMBF); FKZ: 13N8575



404/416

Ref ETOP105
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Abstracts
International Conference on Energy, Environment and Disasters –INCEED2005, Charlotte,
NC, USA –July 24-30, 2005 MINIMIZING THE ENVIRONMENTAL DISASTERS THROUGH
SUSTAINABLE DEVELOPMENT STRATEGIES: AN AFRICAN SAMPLE Valentine James,
Ph.D., CES Professor and Dean, College of Humanities and Social Sciences, Fayetteville
State University, 1200 Murchison Road, Fayetteville, NC 28301-4298 The ecological
systems of Africa are facing tremendous pressure due to development.
Planned and deliberate development efforts usually pay great dividends because the
environment is usually taken into consideration during the planning, construction, and
implementation phases of such development.
The operationalization of sustainable development concepts provide a mechanism for
safeguarding against the negative ramification of extraction of natural resources and the
placement of structures (urbanization) in the natural environment. In this paper, the author
discusses the theoretical and practical aspects of sustainable development in Africa. The
author uses a case study in Kakum, Ghana to illustrate how the theory of sustainable
development is operationalized in order sustain communities, protect the natural environment
from the disasters of development and to sustain the economy and culture of a society.

Summary :
Hello all. How much we have learned from one another! Our thanks again for your close
attention to this week\'s concluding topic and for your wide-ranging responses.

Throughout this conference, respondents have pointed out that development and disasters
are deeply intertwined and both cross-cut by gender concerns-as we know empirically, from
specific disasters in particular places, if not yet in our theory and analysis.

This week, our focus was directly on recognizing links and addressing gaps, offering
strategic recommendations for change.

Postings from development workers, government officials, researchers and others very
clearly demonstrated how vital a gender perspective is in developing an integrated approach
to disasters and development. It was very clear to respondents, first, that the root causes of
disasters cannot be divorced from development processes; secondly, that planning and
action in both sectors cannot be divorced; and third, that gender differences and inequalities
are a significant part of the social context in which development and disasters alike unfold.

On the first point, the \"base life issues\" or daily living conditions of disaster-vulnerable
people were clearly traced to underlying social processes resulting in poverty,
marginalization, and disempowerment. Hence, as Francoise Coupal (Canada) wrote,
\"Natural disasters need to be seen in a much wider socio-economic context as [they] simply
make more visible underlying and already existent vulnerabilities and inequities.\"

This link was articulated in general terms and specific accounts:
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The same things that make Nicaragua vulnerable to the effects of natural hazards (poor
health care, poorly constructed infrastructure, government committees/ministries that do not
have the capacity, both in terms of resources and experience, to respond, etc.) are all part of
structural poverty. [Sarah Henshaw, World Food Program, Nicaragua]

[T]he poverty of the poor living in a country like Bangladesh or Somalia would be difficult to
break-down into those who are poor as a result of the socio-economic conditions in their
countries (most of which are also linked to the international economy, thus making a
compartmentalized analysis difficult), and those who are poor because of chronic
drought/flooding, slow-onset disasters or rapid-onset disasters. . . Minor shocks/stresses are
chronic in many places, and greatly diminish the capacity of people to deal with life routine
challenges, let alone extraordinary events. [Fainula Rodriguez, International Institute for
Disaster Risk Management, Philippines]

Indeed, fundamental conditions of inequality and unsustainable development constitute a
daily disaster for millions around the globe. It was suggested by Brian Moore (South Africa),
for example, that apartheid was in effect an extended \"disaster\" for the vast majority of this
nation\'s people. As is so often the case after disasters, it too leaves its survivors at
increased risk of subsequent disasters. Lack of attention to sustainable development in
planning decisions was also reported from Egypt, where development pressures also put
new urban migrants at increased risk of disasters.

Women and men who leave their traditional ways of life (often considered poor or marginal)
for many reasons (e.g. politics, environmental degradation, diminishing feasibility, raised
expectations of what they should be getting from life) often leave behind them their access to
and control of natural resources. When they move to urban places they become more
dependent on a salaried or entrepreneurial lifestyle, potentially poorer and more vulnerable
without a back-up agrarian way of life. The demand for non-municipal environmental
resources such as fuel wood and water certainly increases proportionally. . . resulting in
over-harvesting and contamination in the immediate environments. . . [and] potential effects
on ground water and waste disposal. . . Very often, the result is that families are fractured as
the need for migrant work to some other place increases. [Angus Graham, Independent
Consultant, South Africa]

As a result, lots of their urban and rural planning for development is creating a real threat
which can lead to a natural disasters. Supplying water with no wastewater management can
create a natural disaster, especially in hilly calcareous areas as. . . acids from organic matter
in the wastewater can create [over] time serious fractures, leading to land sliding-which
happened in one of the suburbs of Cairo. . . Adopting the concept of sustainable
development is a must if we are really serious about reducing natural disasters and
minimizing their horrible economic and socio-economic implications on both men and
women. [Samia Galal Saad, Advisor to the Minister of State for Environmental Affairs, Egypt]

On the second point, while development work and disaster management work are generally
distinct at the organizational level, the effects of their initiatives in hazardous environments
are highly intertwined. Indeed, the same errors are made by both. Whether delivered by
development or relief agencies, short-term emergency relief fails to address either the root
causes of poverty and inequality or the root causes of vulnerability to disasters-and must
therefore fail to address interlocking vulnerabilities and capacities.

In many situations, there is a need to implement quick relief projects, focusing on the delivery
of goods for \'basic need\' (i.e. food, water, shelter, health, etc.). But, in the same situations
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the effects of the natural hazard on the communities is a factor of chronic poverty. Therefore,
short-term food aid or house building does little to address the root causes of such massive
destruction. [Sarah Henshaw, World Food Program, Nicaragua]

Short-sighted relief or recovery programs, whether delivered through development projects,
relief agencies or government offices, easily increase dependency and undermine local
people\'s personal, organizational, and cultural capacities. As aid agencies often turn to
women to distribute food aid, for instance, working the aid system becomes \"part of
women\'s survival strategies.\" In Nicaragua following hurricane Mitch, it was reported that
this created new divisions among women forced into competition over outside relief.

On the third point, it was observed that gender fundamentally shapes the conditions of daily
life in which national development and particular environmental events unfold. In households
and families, for example, gender hierarchy and the gendered division of labor profoundly
influence how people interact with their immediate environment, as was discussed earlier in
this conference. There can be no arbitrary division of gender, economics, and the
environment:

According to the Western Ukrainian experience, where floods were the results of human
activity [forest cuttings], I am sure that poverty is one of the main reasons of unsustainable
environmental management. Women constitute the most part of the poor in the world. Being
more responsible for families\' well-being, they very often use environmental resources to
provide pure survival, without thinking about far future. So, the most urgent action should be
taken to decrease women\'s poverty. [Oksana Kisselyova, Liberal Society Institute, Ukraine]

Haddas Wolde Giorgis (Ethiopia) noted how critical it is to understand gender equality not as
a \"women\'s affair\" but as a positive \"development gain\" in a more equitable, sustainable
and safer world. From this perspective, promoting gender equality is an integral part of
promoting vulnerability reduction and more sustainable and equitable ways of living within
and between the nations of the world.

We often tend to discuss sustainable development and disaster prevention as two separate
\'components\'. However, fundamentally in both aims are similar. Sustainable development is
not reachable and incomplete unless disaster prevention is an essential element in it, and
disaster prevention is not something which can be discussed removed from development.
Gender as an issue is in-built, and cuts across, therefore. . . in reaching gender equality the
methods of analysis and tools of application can be the same. [ Madhavi Ariyabandu,
Programme Manager- Disaster Mitigation, ITDG South Asia]

This week\'s discussants clearly supported the need for a gendered approach to sustainable
development and disaster prevention. They called further for approaches supporting
women\'s empowerment. The strategic recommendations made addressed the need for
change in three, interconnected sectors: governments (at all levels); organizational practices
(in disaster and/or development agencies or groups); and broader social changes. The need
for education was unifying theme to which respondents most often returned.

Regarding governments, respondents called for increased representation of women in
government ministries dealing with environmental issues; advocated forms of local and
national governance which accord representation and active roles to all stakeholders;
identified the great need for policy-making more informed by knowledge of links between
gender, development and disasters. In this account from Gujarat after the 2001 earthquake,
more innovated government/corporate partnerships were urged:
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A recent good practice seen towards developing innovative avenues for earthquake affected
artisans in Gujarat was one where the National Institute of Fashion Technology of India
worked with the artisans to create new, market-friendly products using existing skills. Rustic
ironsmiths are now producing fancy designer knives instead of only spades that they used to
make earlier. Rehab is not the work of NGOs and social workers alone, but entities from
other sectors need to do their bit. [Anshu Sharma, SEEDS, India]

Regarding development and disaster agencies, the views of commentators echoed the
slogan \"Development that is not engendered is endangered.\" Taken as a whole, this
week\'s discussion suggests a wide range of strategies toward this end. First, as they have
throughout this conference, contributors strong urged more community-based and
participatory approaches.

Back to the future? To the degree that local initiatives are likely to be sensitive to cultural
contexts and to indigenous skills and abilities, women\'s expertise and knowledge are more
likely to be visible and valued. Non-bureaucratic programming grounded in local communities
seems to engage women and men more equitably, whether the issues are environmental
management, sustainable development, or disasters.

Disaster risk reduction has a direct link with environmental resource management at the
community level. Can we not take lessons from the \'earlier model\' where women had more
control over resource management and try to recreate the same in today\'s context? This will
include shifting the management role back to communities, particularly to women [where]
they were playing a central role in the earlier model. . . and bringing back the community
concepts into life in ways suitable to today\'s context. [ Madhavi Ariyabandu, Programme
Manager- Disaster Mitigation, ITDG South Asia]

An old but still relevant issue in development work in general is the participatory approach -
could this not be a policy goal also when it comes to catastrophe issues? The grassroots
perspective and including these issues at local levels of development planning would
necessarily have to consider the cultural, economic and political divisions of gender
categories. [Susann Ullberg, CRISMART Crisis Management Research and Training.
Stockholm, Sweden / Merlo, Argentina]

Lessons learned about gender in armed conflict may be applicable in many, though not all,
respects. Certainly, participatory approaches are more gender equitable ways to reconstruct
social life in the aftermath of natural disasters and after war, and can help articulate new
visions of the future:

This bottom-up approach has the added advantage of being close to vulnerable populations
which most top-heavy. . . efforts never even come close to. In addition, it increases the
likelihood to involve women. . . A gender-sensitive focus can change this \"invisibility\" of
women and allow a utilization of previously un- (or under-) tapped potential of women\'s
resources in preventive efforts. This should also increase the likelihood of obtaining gender-
sensitive information that can make responses more appropriate to groups at risk. . . It also
opens up the opportunity for inviting a different set of views when deciding upon what
response options might be most adequate. [Susanne Schmeidl, Swiss Peace Foundation]

Secondly, mainstreaming gender analysis was urged as a way to avoid reinforcing
inequalities and stereotypes. If only \"seen as a matter of \'compliance\' to ensure eligibility
for funding,\" implementing gender perspectives systematically is nonetheless an educational
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strategy potentially fostering a more holistic approach to development and disasters. Gender
analysis tools can be used to promote gender-fair design, implementation, and evaluation of
projects, to the benefit of men and women alike:

Men may demonstrate heroic and stoic behaviour, but they are also extremely vulnerable
following a disaster when their loss of livelihood becomes a reality. Women often need
psycho-social support later on. This was seen with Hurricane Mitch, the internal war in
Colombia and the earthquake in El Salvador. Development organizations can take practical
steps by ensuring that their policies and practices do not perpetuate these stereotypes, by
involving both women and men in disaster relief work and ensuring that disaster response
are sensitive to gender, age and ethnicity (such a disaggregated analysis is still not
commonplace among aid and relief organizations). There is also a need for practical gender
analysis tools that help demystify these stereotypes and provide practical strategies so that
the potential of both women and men are realized. [Francoise Coupal, Mosaic.net
International, Ottawa, Canada]

It is time for disaster prevention initiatives and programs, starting from the policy and
institutionalized mechanisms to review for their gender sensitivity, if they analyze, present
and have indicators considering men\'s and women\'s need, interests and
opportunities/challenges separately rather than talking about the people. [Haddas Wolde
Giorgis, World Bank, USA]

Third, the organized efforts of people across these sectors must not only advocate but
demonstrate gender equality. Brian Moore (South Africa) offered an example of women\'s
proactive involvement in community work. While \"more women are selected for development
or disaster committees,\" he noted the tendency for organizations to adopt a Western
\'volunteer\' mind set\' tending to exploit women, principally by failing to materially
compensate their time and skills. To counteract this, he urged:

Development of participatory value structures and a constitution which insures that both
genders and all members of the team are involved in the management, development and
decision-making processes. . . Know what is wanted in advance, be prepared to pay for it
and demand the results offered by training organisations. [Develop] community and family
education programmes to. . . develop value structures and respect for the opposite gender.
[Brian Moore- Mthimkhulu Training, Durban, South Africa]

In thinking about how gender equality goals relate to sustainable development and disaster
prevention, commentators returned again and again to education. Education and women\'s
empowerment were seen as joined-not simplistically or universally, but integrally joined.

Many different educational strategies and goals were promoted. Participants urged, as they
have in earlier discussions, more careful and gender-sensitive vulnerability assessments and
other ways of improving the knowledge base of \"decision-makers in developing countries-
and in developed countries, for that matter, since much advice seems to come from there!\"

Gendered-targeted education geared to women was advised, whether through practical
action tips or \"hybrid knowledge\" built on formal and informal expertise:

A targeted awareness raising should be promoted amongst women. There is a need to help
the public help themselves. As women are generally the \'household managers\' it is
important that they be given targeted information that can be useful for them. [Ana Lisa
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Vetere Arellano, European Commission DG, Joint Research Centre Institute for the
Protection and Security of the Citizen, IPSC Natural Risk Sector]

I would recommend that engineering and science education, especially in geology,
chemistry, and biology, be promoted for women in disaster-prone areas. In the wake of
disaster, communities want to understand the science of what has happened, and it is
empowering for ordinary people to have these tools at their disposal. Hybrid knowledge,
combining formal science with local knowledge of plant and wildlife populations can create a
broader, more effective understanding of the impacts of disasters such as hurricanes. [Ann
Larabee, Michigan State University, US]

How to involve women in reducing environmental disaster? First of all, to educate them
through educational programmes at all levels (beginning from kindergartens and ending the
special trainings for environmental managers), to provide awareness rising campaign in
communities through mass media, NGOs etc. We have very good NGO practice (Hot Line
Eco-Telephone), which provides the population with environmental information. The
[majority] of calls [come from] women. [Oksana Kisselyova, Liberal Society Institute, Ukraine]

Others urged more holistic, \"humanized\" forms of education, to nurture more equitable
relations between all people and their environment:

Sensitive Education. Education, particularly higher education, be taken out of its totally
career oriented mode and appropriately humanized to inculcate respect for living
environment and fellow beings. . . The issue here is not just integrating gender equality goals
in development and disaster management, but to make the processes sensitive and humane.
That would ensure integration of gender equality and much more. [Anshu Sharma, SEEDS,
India]

Cultural learning from \"gender respecting\" communities can provide guideposts to more
gender-equitable and disaster-resilient communities. Brian Moore made this point about
South African Hindu families in which \"both women and men are highly accepted in their
roles as organisers of development and large players in disaster relief [and] leaders are
found amongst both genders.\" Insisting that gender equality be concretely manifest in
community work rather than an abstract goal, he urged research and education about
successes:

In order for holistic development to take place the facilitators of gender equality need to live
gender equality, be gender equal and be able to teach the values that allow genders within
extended families to be equal from the cradle to the grave. A study of the Hindu South
African families and communities that succeed in gender equality could fast track the
development of women in development/ disaster relief. This is linked to the roles played in
households where men cook, serve food at functions and hold their partners in great esteem.
This extends to children where an older child, irrespective of gender can care for a baby. .
[Brian Moore- Mthimkhulu Training, Durban, South Africa]

Still others focused primarily on education as a means to increase self-esteem and promote
critique and social change of the status quo. Socialization to prevailing inequalities
disempowers new generations from charting new ways forward. Conversely, simple literacy
and \"basic usable education\" fosters \"economic independence, gender respect, [and]
ability to take control of opportunity and [manage] disaster relief,\" Brian Moore argued
[South Africa]. Revision of schoolbooks and other materials which convey demeaning racial
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and gender images is needed, as are \"specific and intensive information\" campaigns
targeting rural and illiterate women, educating them about their human rights.

This \"disaster\" [of apartheid] will be perpetuated until programmes based in the
cultures/beliefs of the people are introduced to grow group and individual self esteem. Until
these base issues are resolved, the challenges to gender equality in major projects, disaster
or developmental relief, will not be effectively integrated. [Brian Moore- Mthimkhulu Training,
Durban, South Africa]

The first handicap for [women\'s] emancipation and full integration to the society. . . remains
illiteracy, aggravated today by. . . insufficient information. . . [From] my point of view,
obligatory education of the girl child should be at the base of any strategy. Governments and
NGOs all talk and pretend to work for it, but here in Africa, we still find girls who can\'t afford
school. [Madeleine Memb, Journalist, Cameroon]

[E]ducating and informing women about social change-what? why? who gains/losses? how
to bargain for success and win?-becomes very important. Addressing the social issues in
natural disaster, including women as participants and decision-makers having a voice. . . is
very important. [Haddas Wolde Giorgis, Centre for Human Environment, Ethiopia]

Whether addressing the need for change in government or nongovernmental sectors,
program-targeted training or consciousness-raising education, respondents see enormous
possibility in education about how and why gender is so central a concern in the work ahead
to build safer, more equitable, and disaster-resilient communities. The possibilities are
enormous:

When women acquire positions and experience in planning and decision-making the first
step to reducing vulnerability has begun. With this knowledge, I believe we instill the fact that
women are one of our greatest assets. Women in leadership positions need to encourage
others to be an active part of what is going on in their communities. They have to instill a
vision that is understood and supported by women and men alike. When we empower
women, we provide an avenue to connect them with others who feel the same as they do.
Working together the process can begin to facilitate positive changes. Like the ripples of a
pebble in a pond, the effects can be far reaching. [Cathy Diehl, Emergency Management
Coordinator, Utah, US]

I add only that your thoughtful and generous responses have made this conference quite
extraordinary. These conference documents will prove extremely valuable to others-who will
benefit, too, from reading your postings in their entirety!

Please take a moment over the next few days to forward along any last-minute questions,
answers, or concerns. Specific recommendations for topics to be taken up by the Expert
Working Group in its forthcoming Ankara meeting are especially invited.

With warm regards to each -
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(Look from inside)
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Abstract
In modern world we can perceive that fast changing industry technologies requires
increasing educational level and professional skills of employees. Classical education meant
to give fundamental knowledge and can?t cover edge of science progress and keep this
accelerated pace. It?s normal situation because there is some time lag between new
inventions and their including into educational program.
That is why today role of science societies are increasing. Advantages of science societies
are especially important in formation new specialists. These advantages are realized in
activity of student chapter of international science societies.

Summary
SPIE student chapters ? way to enhance professional skills and share experience (Look from
inside) Y.V. Filipov Taras Shevchenko Kyiv National University, Glushkova Prosp. 2, Kyiv
03127, Ukraine filipov@univ.kiev.ua

In modern world we can perceive that fast changing industry technologies requires
increasing educational level and professional skills of employees. Classical education meant
to give fundamental knowledge and can?t cover edge of science progress and keep this
accelerated pace. It?s normal situation because there is some time lag between new
inventions and their including into educational program.
That is why today role of science societies are increasing. Advantages of science societies
are especially important in formation new specialists. These advantages are realized in
activity of student chapter of international science societies.
One of the leading science societies in optics and photonics is SPIE ?
the International Society for Optical Engineering. SPIE activity is multidirectional; one of them
is founding and developing student chapters all over the world. Each student chapter is an
important link in a global educational network. SPIE believes the future belongs to optics and
photonics, and the future of these technologies is in the hands of young scientists.
In my university we establish the Taras Shevchenko Kyiv National University SPIE Student
Chapter. Our chapter activity is dedicated to improve knowledge on optics and photonics
through Conferences, Lectures, Publications and Collaboration. SPIE provides extensive
support to students through information exchange, financial assistance, and exposure to
cutting-edge technology developments, here are a few
opportunities:
- Organizing an informal lecture and chapter meetings organized 4
times a year plus special meetings with special guests, such as meeting with 2005 SPIE
President Malgorzata Kujawinska on May 2004, and meeting with Chair of SPIE Membership
Committee James J. Grote on May 2004, and Executive Director of Rozhdestvensky Optical
Society Vladimir Arpishkin on June 2004.
- Participation in science fairs through secondary educational
outreach and mentoring of secondary science and technology students.
- Invited speakers from research laboratories and other
universities. We request a speaker from SPIE\'s database of distinguished professionals.
- Industry tours, as our industry practical tour to Izum Optical
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glass factory in Izum, Kharkiv region, Ukraine.
- Creation and maintenance of chapter web page - a developed web
site www.spie.kiev.ua with interest information about chapter, planned events, activity, list of
members and other useful information. Link the chapter web page to SPIE web.
- Participation of an officer in the Student Chapter Orientation
Program with Career Development - find an internship or career at SPIEWorks.com, the
premier web site for optics and photonics companies looking for talent.
- Learn about the latest optics and photonics technology by
reading your free subscription to ?OEmagazine?. And, with your online journals and books in
SPIE Digital Library with discount. Know more about a specific technology - SPIE Student
Member get one free Technical Group membership.
- Reports of special Student Chapter activities in the Student
Newsletter service and Online Discussion Forums.
- Travel support and registration costs associated with attending
an SPIE conference. Chapter members are first for consideration for individual travel support
to present papers at SPIE meetings and special consideration for chapter groups traveling to
SPIE conferences.
- Organizing self conference. Each autumn TSKNU SPIE Student
Chapter helps to organize Annual International Young Scientists Conference \"Optics of High
Technology Material Science\" SPO on Optics Division, Physics Department of Taras
Shevchenko Kyiv National University. Topic of Conference includes 3 sessions: A.
Nanotechnology, Thin Films and Coatings; B. Lasers and Optoelectronics; C. Biomedical
Optics.
All this opportunities confirm what membership in SPIE is window into the global optics and
photonics community. A Student Chapter offers an opportunity to learn and practice the
leadership skills necessary to succeed as a professional in our field. Belonging to an SPIE
Student Chapter makes member a part of a dynamic international network of students
involved in innovative research programs. The extended network of Student Chapters
facilitates connections with other university groups and opens doors for young scientists to
communicate with established professionals working in the fields of optics, photonics and
related disciplines. And our success will impact the future vitality of these fields.
SPIE unique research and missions have allowed SPIE to produce educational materials that
engage student interest in science, technology, engineering, and math. Our goal is to create
educational materials that are educationally sound, scientifically accurate, and matched to
latest industry technologies standards.
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Optics education in the frame of the Comenius “Hands-on Science” project

Manuel F. M. Costa1, Dan Sporea2 and Clementina T2

*1Universidade do Minhho, Braga, Portugal
2National Institute for Lasers, Plasma and Radiation Physics, Magurele, Romania

Summary
In the Society of our days there is a major increasing need of an in depth quality

education in Science and Technology. Science teaching at school should be generalized
aiming not only the sound establishment of a “Science” culture in our societies but also to
guarantee a steady basis for the improvement of Science and its technological applications.
The European Commission, under the program Socrates, Comenus 3 action (project nº.
110157-CP-1-2003-1-PT-COMENIUS-C3) supports the network “Hands-on Science”. The
activities of our network focus on the development and or diffusion at European scale of
positive hands-on experimental practices on teaching science at basic secondary and
vocational training schools, by leading the students to an active volunteer and committed
participation in the teaching/learning process through hands-on practice and
experimentation, making intensive use of the new instruments and resources of the
Information Society.

Physics education is one of the main field of interest of the project, so, education on
optics has the place it deserves in our activities. The paper presents some of our major
achievements in this direction, in Portugal and Romania.

In Portugal a country wide project for the improvement of optics teaching had started.
In this frame, students begin looking and discussing different sources of light from the sun to
sodium fluorescein. Light dispersion with Newton prisms was next. A short analysis of the
human visual system was performed. The color vision and color matching were then
introduced. Definitely enchanted students performed several simple experiments. Some
optical illusions have been observed and discussed. Next they entered the domain of the
basics of geometrical optics. Simple ray tracing experiments were done. The mirrors and
lenses were introduced. The microscope and the telescope become rather popular! Other
topics like spectroscopy, optical sensors, diffraction concept, holography and fiber optics
were also included. Along the years the material, guides and experiments involved were
improved and enlarged trying to establish bridges to other fields of knowledge in an
interdisciplinary way. We also included more advanced approaches to topics like optical
sensors, fiber optics and telecommunications in interdisciplinary ways involving not only
physics teachers and students but also electronics or chemistry teachers and students in a
project were the focus is on the spectroscopy and its applications. The very positive way the
project evolved on the classroom’s experimental activities was confirmed by the assessment
of the students’ knowledge improvement on these matters. But, above all, the interest of this
kind of actions was marked by the students opinion expressed on voluntary surveys the
students filled by the end of the action. 98% of the students was very pleased with the action
and expressed their desire of seeing it continued. A important majority stressed the
importance of hands on experimental work on learning physics. But perhaps more important
is that the students soon began organizing their own activities. Even with younger students
from pre-school or elementary (5 to 8 years old) this kind of action have a striking positive
effect. The basics of some subjects are easily understood: addition of colors (often older
students take longer to understand the process because they are used to the subtractive
ink’s color mixing), reflection of light and internal total reflection (a piece of sweet flavored 
jelly may act as an wonderful... light guide!), refractive bending of light (the coin in the bottom
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of a plastic cup; a trip to a rivers’ shore may become an highly productive and pleasant 
experience!).

In Romania different activities were organized in the frame of newly created science
club across the country (Figure 1 a), where very young students debated various aspects of
optics learning through poster sessions (Figure 1 b –optics history), teaching aids they built
(Figure 2 a –a telescope), or more sophisticated experiments (Figure 2 b). The project
assists both school students (Figure 3 a) and the graduate ones (Figure 3 b).

a b

Figure 1. A Saturday science club in Bucharest (a); poster session on “life and activity of 
Albert Einstein” (b).

a b

Figure 2. The telescope –the first award to a science contest in a Bucharest high school (a);
Image processing in biological investigations (b).

a b

Figure 3. Demo session in a primary school with rroma students in Romania (a); training
young scientists in the frame of a European project (b).
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How the Formation of One Company Led To Many Global Optics Clusters

Bob Breault

Abstract
I took a circuitous, but planned route from a childhood of building small rockets (pre-Sputnik)
in a small rural town, influenced by one keystone book on astronomy, received a BS in
mathematics, but not to become a “mathematician”, just to have it as a tool to do space 
based research. Then after graduation I planned on going into the Air Force as a fighter
pilot, get to Luke Air Force base (the fighter pilot initial training school), Edwards Test Flight
School, and Nellis Air Force Base as a “top gun” instructor.  In this 1953 plan I would get a 
PhD from the University of Arizona at age 36 in astronomy designing and working on space-
based satellites and become an astronaut.

Take out going to Edwards Test Flight School, change the PhD in astronomy at age 36 to a
PhD in Optics at age 38 analyzing many space based telescopes, include some academic
challenges all along the way, add an invitation/request by NASA, immediately after receiving
my PhD, to reapply for the astronaut program (that I turned down by not re-applying), add the
founding of Breault Research Organization, becoming a regional economic advisor to
multiple regions in 29 countries and 18 states, and building 25 Optics Clusters around the
world, and you have a synopsis of my life in bullet form. How, is the topic of the
presentation?
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