The General Atomics Education Program
“ Scientist in the Classtoom

The General Atomics education program "Scientist in the Classroom’,
now in its third year, uses scientists and engineers to present "Plasma,
he fourth state of mattey" to students in the classroom. A program

goal is to make science an enjoyable experience while showing students
how plasma plays an important role in their world. A fusion overview

s presented, including topics on energy and environment. Using
hands-on equipment, students manipulate a plasma discharge using
magnets, observe physical properties of liquid nitrogen, and use an
infrared camera to observe radiant heat ener@everal program

benefits are: it costs less than facility tours, is more flexible in scheduling,
and is adaptable for grades 2-adult. The program has doubled in coverag
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since last yeanwith over 2200 students at 23 schools visited by 11
engineer/scientists. Increased prarticipation by the DIII-D staff in this
program has heen achieved by enlisting them to bring the program to thef
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children’s school.
Supported by U.S. DOE Contract DE-AC02-76CH-03073 and
Grant DE-FG03-95ER54310

General Atomics-
Scientist in the Classroom

Introduction

» Scientist in the Classroom is a GeneraltAmics
Education program that brings a science professional
and plasma physics demonstration equipment to the
classroom to give students a hands-on experience of
plasma and some of its characteristics. The program
allows physicists, engineers, and technicians to share
their experience and knowledge with students during
a classroom visit. The topics presented are related to
plasma physics and fusion technology and include
discussions of fusion energy research status,
environmental issues, magnetism and electricity
..and more.

Plasma Sciencedpics are Aligned
with Fundamental Education Standards

* Matter and its building blocks:proton, electron,
and neutron

* Electrical charge anelectrical character of materials

* Magnets and magnetic fields and their behavior
and interaction with charges

* Extreme temperatures and their effects on different
states of matter

* Electromagnetic spectm from DC to X-rays
* Barometric pressure and vacuum
* Density effects on molecular mean free path in gase$

» Different forms and transformations of energy

fusion

Fusion Science and échnology Topics

Presented in the Classroom:

reseach

* Definition of fusion/plasma

Different levels of the following topical areas are
presented to students in Grades 3-12

* Presentation on plasmapplications and

* Environmental aspects of fusion energy production
* Global warming effects of fossil fuel use

 Comparison of fusion characteristics with those
of other energy sources

* Projected energy resource availabilitand how fusion
fits into humanity's future

* Engineering challenges associated with a fusion devicg

arereviewed, i.e. vacuum chamber design, magnetic
coil function, machine support stucture, and

material heat transfer considerations

* Several plasma diagnostic technigues are discussed
covering densitycurrent, position, composition,
and temperature measurements

Visiting Classroom Scientists,alirs, and Intemships

How do they compare?
Aspect Scientist-int Facility tour | Summer studLnts
the-classrogm
Material Onthefly | Standardized  N/A
modification
Presentation siteAt the schoal Fusion facility Fusion facilify
Students 150 50 1-3
reached/day
Manpower 1 ) 1
required
Duration Presenters perspective 8 hours/daV/
ours/studenttdtii 4
student perspeét&%ur/ studentfbf student
Man hours/day 6 20 4-8
Student . None Bus Car (individupl)
transportation
Monetary costs .
{0 school None None Student stipgnd
Pre-program N .Jeatchersdshowm e
requirements one |videotape, dojsome
part of notebook
While the tours are very informative and a useful
learning tool, they cost over twice the number of
manhours than the classroom visits. The classroom
visit is also easier for the teachers.

A. Nagy, Princeton Plasma Physics &boratory R.L. Lee, General Atomics

Students learn about
vacuum forces
first hand

Physics Demonstration Devices
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The plasma tube gives students the opgortunity to
experience and manipulate plasma first pand using
magnets and variable gas (air) pressure
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The E&M model shows the orthogonal relationship
between electromagnetic wave components in 3D.
It is adjustable along the axis to show thg relationship
between frequency and wavelength.
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The vacuum chamber demonstrates barpmetric fc
on a vacuum chamber. The compound dauge intr
new pressure units.

The infrared camera opensgheestunfehe
thermal world, how some materials pasq infrared and
not visible light and vice versa.
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The degaussing coil and permanent magnets
demonstrate magnetic field interactions.|This models
how the magnetic field from a plasma interacts with
its confining fields.

(A soft drink that has neutral buoyancy Ralls
in a clear medium.) Although quite sweet, the Orbitz e
soft drink is perfect for describing to students the

concepts of mean free path and the relafionship of
gas atoms at low vacuum pressures.

The half-coated fluorescent tube shows gtudents plas
in action in their everyday world. The plasma current
and voltage are measurable and variablg. A grating is
used to show the difference between thg spectrum
from the fluorescent side and the clear sjde.
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Student Surrey Responses

| would like to know more about this topic

I think we should continue to experiment
with fusion energy

I think other classes would enjoy hearing
and experiencing this presentation

| enjoyed experimenting with the plasma
tubes and the electromagnetic ring

| enjoyed learning and experimenting with
the IR camera

| enjoyed learning and experimenting with
radioactive materials

sl

I enjoyed the information the speaker e ———————

shared with us

]

| enjoyed the demonstration the speaker  EE —————

showed us

| was able to understand the material T

presented ‘

0 1

Strongly Disagree=0

[01999-2000 Survey No.=1041
M 1998-1999 Survey No. = 239
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This chart shows that a majority of the students surveyed enjoyed

the presentation.

ASampleof SomeStudent Comments..
--"llikedthe presentation, hewasniceandsharedalotof informationwithus.

--"llikedthepresentationMrNagygaveus."
--"EatMarshmellos!"[SIC]

--"Itwasnicebecauseour presentationmanwasrealnice,andhewascool

becausehewasshowingusinterestingthings,itwasn'treallydry.”
--"Ithinkthereshouldbe moreexperiments thewholeclasscando."

--"Notsomuchtalking--moreexperiments"

--"Makethepresentationlongersothespeakerdoesnotrush. (slowdown)"

--"Ithinkweshouldspend moretime onthe materialspresentation.”

--"Ithinkthatthepresetationshouldbelonger.'

--"Itwasveryinterestingbuthardtounderstandsomethings..."
--"llikedthepropsthatyoubrought,especiallythe magnetic one..."
--"I'mbeinghonestwhenlsaythatyourlectruewasthe mostexciting
partof environmentalscience. lwasalreadyinterestedinnuclear
scienceandyourpresentationsparked mycuriousityevenmore. Now

Ithinkthat Iwilltakesomerelatedcoursesincollege."
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Classroom V\sits by Month

There is a tendency by teachers to use this program as an
enrichment especially toward the end of the school year
shown by the chart peaks belavA greater number of
presenters and a formal scheduling effort will help spread
out this demand throughout the year
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Pictures are courtesy of the following San Diego area science teache
AnitgaSgotese, Vesthills High School

Casey Currigan, Marston Middle School

Amelia Cacho, Elementary Institute of Science
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Program Statistics

The number of school visits, stucents, and presenters more than doubled this past year,

a sure sign that this program's popularity is growing. This year, scientists were encouraged
to present to their children's classes, which brought more presenters into the program. Our
records show that the expeditures of this program are about .1 presenter-hour per student,
with a slight decrease in 99-00 due to the increase in scientist participation.

School Year 08-99 99-00  Ratio (%)

Schools Visited 11 73 |+209%

Presenter Days 15 3 | +233%

Kilometers Driven +130%

Manhours +233%

Students Visited +213%

Students / Presenter-hour -1%

summary

The 99-00 school year program growth is the best indicator
of its popularity and success. This year more repeat calls are
starting to fill up the calendaranother sign of programmatic
success. This yeaiplans are to enhance coverage by continuing
to expand the number of presenters, and setting up a schedule
with weekly limits on the number of school visits.

Future program additions might include: continued hands-on
demonstration development, development of a fun game
presentation type style, and addition of a dedicated transportatign
vehicle.

And finally....

This plasma outreach program is an enrichment for the
students and succeeds because students are always excited
about learning first hand, using hands-on equipment to
exploring the 4th state of matter--plasma ---in the classroom.
Scientists enjoy the wonder in the students' eyes when students
are presented with this fascinating subject. Science teachers
are interested in hearing new topics and showing students how
classroom learning is applied in the real world.

The Scientist-In-the Classroom program works very well as a
science enrichment/demonstration outreach tool.

Everyone involved in the magical process of
discovery grows.
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