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s anyone having a birthday today?” re-
search associate Scott Lindberg asked

a group of twelve fifth graders. One stu-
dent raised her hand. Lindberg reached
into a box and removed a small cake with a
candle in the center, placing it in front of
the Nd:YAG laser. He turned on the power.
After a few seconds, when the laser had ig-
nited the wick, Lindberg presented the
student with the birthday cake. He later
explained that he had tried with a new
candle, but that the white wick would not
absorb enough of the laser light. He solved
this by using a candle that had already
been lit.

This was one of many activities carried
out as part of “Students, Scientists, and
Optics,” a collaboration between the Lin-
coln School of Brookline, Massachusetts,
and Northeastern University’s Optical Sci-
ence Laboratory. The 13-week program,
held every year, features activities for gift-
ed and talented fifth graders in the Brook-
line Public Schools. It was developed un-
der a Dwight D. Eisenhower grant in 1993.
Each participating school is paired with a
university or industry group, which is in-
volved in three of the 13 weekly activity
periods. In the Lincoln/Northeastern pro-
gram, the University team consists of the
laboratory director and two others, usual-
ly a post-doctoral fellow and a graduate
student; the Lincoln team consists of the
“gifted-and-talented-resource teacher,”
about a dozen students and, for the final
meeting, the entire fifth grade.

The optics extension group at Lincoln
School is part of Brookline’s gifted-and-
talented program, which supports class-
room teachers in a variety of ways and of-
fers “pull-out” programs such as this one.
Children from the fifth grade are selected
for the extension based on a screening tool
that assesses their level of interest, com-
mitment, and fluency of ideas. Approxi-
mately 12 children are chosen to partici-
pate. After they have begun the study of
optics as part of their fifth-grade science
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program, they meet with the gifted-and-
talented-resource teacher once a week for
13 weeks. The resource teacher also sched-
ules at least one individual conference
with each student after the design portion
of the program has begun.

The early weeks of the extension pro-
gram are organized as follows:

• Weeks 1 and 2: Exploration—Students
perform a series of optics experiments
aimed at generating a large number of
ideas and questions.

• Weeks 3 and 4: Research—Organized in
pairs, the students are assigned topics to
research in more depth. Findings are
then shared.

• Weeks 5 and 6: Field Trips—Students
are taken to the Boston Museum of Sci-
ence optics exhibits and to the North-
eastern University Optical Science Lab-
oratory. The trips generate more ideas
and information.

The class typically includes students
who have parents in research and academ-
ic positions as well as others who know
very little about such matters. The univer-
sity visit begins in a conference room
where the roles of professor, post-doctoral
fellow, and student are explained. Each
university participant then presents a five-
minute talk on his or her own research in
optics. Each student asks a question of the
researchers. Students at this age often ask

questions such as, “If the image on the
retina is upside-down, how does it get
right-side-up again?” Other questions may
relate very specifically to the research talks,
and this is an opportunity to elaborate on
what has been said. Students are much
more engaged when they are listening to
the answer to a question by one of their
peers than when someone is “lecturing” to
them. The question period is highly struc-
tured, with each student asking one ques-
tion in turn until all have participated. We
proceed to the laboratory, for two or three
“fun ”demonstrations, and a tour of the
lab. A favorite and very simple demonstra-
tion shows light guiding by total internal
reflection. A hole is punched in a clear
plastic bottle and laser light is passed
through the other side and out the hole.
The bottle is filled with water, and the light
is guided along the stream. An infrared
camera, especially an old liquid-nitrogen-
cooled one, is always a favorite: while the
students enjoy seeing their infrared images
on a TV screen, they are often more fasci-
nated watching the nitrogen being poured.

The second part of the extension pro-
gram is organized as follows:

• Weeks 7 and 8: Brainstorming and Ex-
perimenting—Students try out some
ideas for an optics display after being

Nieva shows students a tissue phantom used in his
research.The gelatin phantom is designed to match
the optical and acoustic properties of human tissue.
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issued a selection of materials for ex-
periments (prism, polarizers, lenses,
color masks). They are encouraged to
“go home and fool around,” and to
consider experimenting with house-
hold items as well. Some of the projects
include wood, cardboard, flashlights,
and occasionally a piece of fine crystal.

• Week 9: Ideas—Students bring in their
preliminary idea for an optics display
to show to the group. Suggestions are
given on how to modify or improve it.

Some projects are primarily artistic,
with interesting patterns that the students
do not fully understand. Typical are those
in which light is scattered through house-
hold objects such as crystal, producing in-
teresting and complicated patterns. Other
projects have a more scientific flavor: the
pattern is simple, and the student concen-
trates on the underlying science. One stu-
dent studied the depolarization of light by
different materials, using a polarizer in
front of a tungsten lamp while viewing the
illuminated objects through another po-
larizer. One recent project demonstrated
thin-film interference in large soap bub-
bles on a baking sheet under bright ceiling
lights. The reflected images of the lights
changed color as the thickness of the bub-
bles decreased until they eventually broke.

• Week 10: Visit from the Scientists—Uni-
versity scientists visit the students at
school. Students demonstrate what
they are trying to accomplish and their
progress, formulating their explana-
tions and questions. One student
passed a white light-emitting diode
(LED) light source through a piece of
cut glass, producing an interesting pat-
tern of light on the wall with reasonable
color separation. He noted that placing
a diffuser in the beam caused the pat-
tern to be replaced by a nearly uniform
illumination. This provided an oppor-
tunity for us to teach him about scat-
tering. We asked him to think of mate-
rials around the classroom and charac-
terize them as diffusive, absorbing,
transmitting, and reflecting. This part
of the program is also a time for prob-
lem solving. Students are generally not
aware of how weak these effects are,
and advice to collimate the light source
often produces a dramatic improve-
ment that amazes them. Light sources
are a significant challenge in many of

the projects. Cardboard boxes with
clear 100-W lights are particularly use-
ful because of their high brightness and
white spectrum. Flashlights tend to dis-
appoint because of low irradiance, un-
even beam profile, and battery lifetime.
In recent years, students have been buy-
ing laser pointers, which are effective
for many demonstrations. Although
these are Class-I lasers, we have come
to the conclusion that they are not ap-
propriate for these projects. Small
LEDs that can be bought in key chains
are nearly as good for most of the proj-
ects and we encourage their use.

• Weeks 11 and 12: Finishing Touches—
Students refine their projects based on
the suggestions. They also write papers
that summarize the principles of optics
they are demonstrating and the obser-
vations they have made.

• Week 13:The Optics Symposium—The
final meeting involves the entire fifth
grade. The students from the group set
up their projects while the rest of the
class is divided into teams of about five
students each. The observers spend
about five minutes at each station, go-
ing through perhaps six stations. All
students then gather in a classroom
with the presenters and the university
scientists at the front. Each member of
the university team provides a brief de-
scription of his research. Then each ob-
server team in order asks one of the
presenters a question.

The great majority of students say that
the best part of this optics extension is the
opportunity to meet and confer with the
scientists from Northeastern. The students
invariably comment on how helpful the
scientists are and how much they learn
from them. This “real world ”connection
is a particularly important feature of the
optics extension.

The program also provides an excellent
opportunity for graduate students to learn
about presenting their work to others at an
appropriate level. The challenge of de-
scribing complicated research in terms
that can be understood by a fifth-grade
student is often a new one. The university
team quickly learned how important care-
ful planning is when working with an ele-
mentary-school group. Each activity needs
to be carefully organized before the class
meets to ensure that everyone participates
and that all the activities can be completed
in the short time available.

As we write this article in December
2001, we are planning for the spring 2002
program with a new group of fifth graders.
It is a pleasure to hear that some of the 
student participants from the early years
are now attending universities and begin-
ning careers in science, still remembering
their projects in “Students, Scientists, and 
Optics.”

Charles  A. DiMarzio is with the Department of Elec-
trical and Computer Engineering, Northeastern Uni-
versity, Boston, Massachusetts. His e-mail address is
cdimarzio@lynx.neu.edu. Jean C. Alfano is with
William H. Lincoln School, Brookline, Massachusetts.

Jeremy Kazanjian-Amory demonstrates his light
sculpture at the Symposium.

Laura McLellan shows her classmates some of the
optical properties of soap bubbles.
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