
I s it possible to make an easy-to-use
experiment to teach 11- to 18-year-old

students the fundamentals of modern
optical communication networks on a
budget of less than $150? As physics and
engineering researchers and students,
some of us had been peripherally
involved in similar challenges, but with
limited success. The problem is that any
demonstration of modern optical com-
munications must teach the basics of
wavelength division multiplexing—and
of course, the addition of even a single
piece of commercial equipment would
immediately exceed a $150 budget by a
hundred times.

We conceived of this project as an
opportunity both to share our passion
for science with the
younger genera-
tion and to solve a
difficult technical
challenge. The experi-
ment, we decided,
would have to have signif-
icant educational value and
at the same time appeal to
students. Colored lights and
sound were essential. We
designed an easy-to-use transmis-
sion experiment in which the output
intensity of high-brightness light-emit-
ting diodes—one red, one green, one
blue—were amplitude-modulated by
three radio station signals. The student
could select a single radio station by
using a colored filter positioned in front
of a photodiode and speaker circuit and
be rewarded by hearing a popular radio
station. With the addition of a clear,
curved, solid rod to guide the light from
the light-emitting diodes to the detector,
the experiment could be used to demon-
strate the fundamental principles of
optical fibers, spectral filtering and
wavelength division multiplexing. In
addition, students could gain an appre-
ciation of how electronics enables opti-
cal communication. Figure 1 is a
schematic of the experiment.

Members of the team took the experi-
ment to a workshop as part of the 2002
Australian Science Festival, the national
science exhibition for students. They
worked with groups of schoolchildren

between the ages of 6 and 12 for two
days. The experimental appa-

ratus was rough and
lacked the polish that we

thought would be necessary
to enthuse the students.

Nonetheless, the response was
extremely positive, which goes to

show that students can indeed be capti-
vated even by unrefined demonstrations.
The students easily grasped the concepts
of multiplexing and demultiplexing,
which were illustrated in the context of
the experiment as the mixing and separa-
tion of different colored light beams. The
light that was visible through the side of
the light guide was identified by many
students as a source of loss. The students
played with the demonstration and
invented their own experiments, such as
bringing together a bent light guide and a
straight one. To help explain the principle
of total internal reflection to the younger
students, we lined them up in two rows to
form a “guide.” A student who was gently
pressed into the guide was bounced along
it with the help of many eager hands. A

The circuit prototyping involved the
destruction of transistors and capaci-
tors, sometimes explosively, and was a
learning experience for our team. After
a few weeks of working after hours and
on weekends, we had built functioning
prototype circuits. We found that we
could obtain a satisfactory although
slightly rough signal sound after the
light traveled through several meters of
clear plastic rod. Although we initially
achieved spectral filtering by use of
cellophane paper, it was ultimately
necessary to find filters with better
absorption profiles.
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Figure 1. Schematic of the experiment. The circuit on the left is the transmitter and the circuit
on the right is the receiver. A clear plastic rod is used to guide light between them. A colored
plastic filter is placed between the plastic rod and the receiver to isolate a single color and
audio signal. 

Figure 2. Circuits ready for
use in a school class. The protec-
tive circuit packagings have been
removed for clarity of exposition.
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person placed at the far end of the guide
“beeped” when the student representing a
photon arrived. This game, because it was
immediate and readily seen, helped the
students visualize the process better.
When teachers accompanying the stu-
dents asked to purchase the experiment
for use in their own classrooms, we real-
ized we could reach a far greater audience
than we had originally foreseen.

Encouraged by this success, we
decided to build a more professional ver-
sion of the experiment that was suitable
for classroom instruction. We redesigned
the circuits to increase transmission dis-
tance and improve sound quality and
introduced a printed circuit board that
allowed us to construct a number of kits
in rapid succession. In this new version
of the kit, the plug-in power supply has
been replaced by batteries. A high-pass
filter was added to the audio circuit to
remove the 100-Hz buzz from fluores-
cent lights commonly found in class-
rooms. We also built a second transmitter
circuit with a single red collimated laser
diode instead of the light-emitting
diodes.This enables the demonstration of
free space communications over several
hundred meters. The laser output power

is less than 1 mW and thus is safe for use
by students. Figure 2 is a photo of the cir-
cuits in their current form.

The improved experiment was tried
on separate occasions with students aged
11 to 18. We found that all age groups
were extremely enthusiastic about the kit,
although we did have to structure the
lessons differently to take into account
the different knowledge levels of the
audience. Since none of the younger stu-
dents had heard of optical fibers before,
they were completely unaware of their
applications in modern communications
networks. For this age group, we focused
on explaining the basic optical compo-
nents: a light source, a light guide and a
detector. Emphasis was placed on culti-
vating familiarity with the basic concepts,
such as the fact that fibers are made from
glass and that light is guided by total
internal reflection. All the students were
comfortable with the fact that a small
“solar cell,” a device with which they were
already familiar, could be used at the
receiving end to turn the light into elec-
tricity. It was apparent to the students
that the information-carrying capacity of
the light guide could be increased by the
use of more colors, and that all that was

EDUCATION

Educational outcomes
After a science class in which the
package is introduced, a student
will be able to: 

✔ Appreciate that light can 
carry information

✔ Relate color to a frequency or
wavelength

✔ Describe how total internal
reflection is used in optical fibers

✔ Explain the use of total internal
reflection to guide light for 
optical communication

✔ Explain the difference between
absorption and emission spectra 

✔ Discuss what is meant by 
scattering losses in a light 
guide or optical fiber 

✔ Describe an everyday use of 
electromagnetic radiation in
communication technology 

✔ Explain how wavelength division
multiplexing increases the data-
carrying capacity of optical fiber

✔ Discuss problems produced by
the limited range of the electro-
magnetic spectrum available 
for communication 

✔ Appreciate the physical principles
that allow optical communication 

✔ Understand the relevance, 
usefulness and applicability of
fundamental physical laws and
principles to current optical 
communication technologies

✔ Demonstrate increased compe-
tency in using a technology

✔ Appreciate a contribution physics
has made to society

✔ Appreciate how electronics 
and optical technologies work
together to enable optical 
communication

Figure 3. Seventeen-year-olds enthusiastically explore optical science and technology with 
the experiment. 
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required to extract the light again was the
appropriate colored filter. The lesson ran
for a total of 90 minutes but it could have
lasted twice as long without exhausting
the students’ attention.

The senior high school students were
already familiar with the concept of opti-
cal fibers and knew all about total inter-
nal reflection. In our introductory
remarks, we therefore focused on the var-
ious applications of optical fibers to the
fields of medical imaging and sensors, as
well as modern optical communication
networks. The students knew that optical
fibers can carry large amounts of infor-
mation, but they were not particularly
well versed in bandwidth versus trans-
mission distance issues. Some of them
suggested that optical fibers were faster
than coaxial cable because information
travels at the speed of light rather than
understanding that coaxial cable also
allows light-speed communications but is
limited in speed and transmission dis-
tance by capacitance and attenuation
issues. We therefore discussed these issues
and presented a brief history of optical
networks and the emergence of wave-
length division multiplexing as one of the
newest techniques for increasing the
data-carrying capacity of optical net-
works. When the students played with the
kits, many of them remarked that it was
an “aha” moment for them, as they had
had a vague idea of how fiber optics

worked before but weren’t quite sure how
the systems were used in a practical set-
ting. The entire lesson lasted approxi-
mately 30 minutes.

To understand how the experiment
could meet the teaching objectives of a
high school physics teacher, we consulted
the state high school science syllabus and
a local high school physics teacher. On
this basis, we established a list of educa-
tional outcomes that we used to form a
lesson guide. The classroom-ready kit
includes the circuits, a clear plastic light
guide, emission and absorption spectra of
the diodes and filters and a lesson guide.
The sidebar on page 17 lists the teaching
objectives that can be achieved from a
hands-on class with the kit.

We certainly enjoyed working on a
project that can both excite and inspire
students. Because of the striking visual
and dynamic nature of optical science, it
is remarkably easy for practicing scien-
tists and engineers to be part of the out-
reach and education effort. In our case,
we wish to extend sincere thanks to the
science teachers and people in existing
outreach programs who so enthusiasti-
cally helped us to make our idea a reality.

Justin Blows (jblows@physics.usyd.edu.au), Justin
Elsey, Philip Hambley, Ross McKerracher and Lionel
Rajesekera are researchers at the University of
Sydney, Australia. Geoffrey Genn is working towards
his science degree at Griffith University, Australia.
John Ingram is an engineer at ABB Australia.
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Figure 4. Eleven-year-old students become familiar with the experiment.
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