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E
xpose the true F

ace of P
hysics -

“W
hat question have you asked at

school today?”
R

. F
eynm

ann

Plasm
a experim

ents are superb for

generating questions, stim
ulating curiosity[1],

increasing personal relevance of learning [2].

1. B
. A

. C
raw

ford, J. S. K
rajcik, R

. W
. M

arx, “E
lem

ents of a com
m

unity of
learners in a m

iddle school science classroom
, Sci E

d 83:701-723(1999)
2. M

.P. Silverm
an, “Self-directed learning: A

 heretical experim
ent in teaching

physics A
m

. J. P
hys. 63(6),(1995)



Share the B
eauty of P

hysics
Share the B

eauty of P
hysics



Too sm
all…

(too sim
plistic)

“Physical concepts rarely occur in isolation. …
T

hus, sim
ple

physical dem
onstrations often do not intuitively com

plim
ent a

physics student’s practical experience.” - A
 student’s com

m
ent.



N
ature does not com

e in “single concept”
packages. Leave it for the end of the year?

Photos by Jan C
urtis, 2001

“T
he glow

em
anating from

 a
fluorescent tube
is com

plicated,
but so is reality” -
A

 student’s
com

m
ent



Too big …
 for kids

Photos courtesy PPPL



…
A

hh!
Just the R

ight Size P
lasm

a!

PPPL
, Plasm

a C
am

p, 1998

W
atchung H

ills H
igh School, 2001



T
abletop plasm

a experim
ents are

•
cheaper than a supercollider

•
safer than a nuclear reactor

•
richer than rolling balls

Students’ com
m

ents:
“It brings to m

ind “classic” physics experim
ents w

ith electricity,
glow

 tubes, and boxes w
ith dials.”

“It is different, and that m
akes it good”

“I like plasm
a labs because they connect to m

ore com
plicated

experim
ents, like the Princeton Plasm

a L
ab.”

3. W
. L

. Shapiro, “C
ollaborative Problem

 Solving in a L
arge Scale Space Science

Sim
ulation”, Presented at the A

nnual M
eeting of the A

m
erican E

ducational
R

esearch A
ssociation, M

ontreal, Q
uebec, C

anada, A
pril 19-23, 1999

Plasm
as provide a rich learning environm

ent [3]



U
sing P

lasm
a to Teach P

hysics:
U

sing P
lasm

a to Teach P
hysics:

                               A
n Integrated A

pproach
                               A

n Integrated A
pproach

•C
onservation of

M
om

entum

•E
lectrom

agnetic
w

aves

•O
ptics

•E
lectrical C

ircuits

•C
onservation of E

nergy

Illustrations from
W

ilson, B
uffa,

C
ollege Physics,

Prentice H
all

•A
tom

ic and Q
uantum

 Physics

•E
lectrom

agnetism

•D
ynam

ics

P
lasm

a
P

lasm
a



A
 portable science laboratory com

plete w
ith

•high voltage,
•vacuum

,
•lights, dials, and w

ires, and …
.

•a
 glow

ing plasm
a

glow
ing plasm

a

The P
lasm

a C
ham

ber
The P

lasm
a C

ham
ber



•E
lectrical C

ircuits

•C
ircuit D

iagram
s

•V
-I characteristics

•C
apacitors, R

esistors

•E
lectrical B

reakdow
n

•H
igh V

oltage Safety

T
he Plasm

a C
ham

ber
T

he Plasm
a C

ham
ber



E
xam

ple Q
uestion: C

apacitor or R
esistor?

A
nsw

er: W
hen?

•E
lectrom

agnetism
: E

lectrical C
ircuits



Q
uestion: Is it a C

apacitor?
Q

uestion: Is it a C
apacitor?

•A
tom

ic and Q
uantum

 Physics
•E

lectrom
agnetism

•C
onservation of E

nergy



E
lectric F

ield and P
otential:

E
lectric F

ield and P
otential:

Students
Students’ ’ C

alculations
 C

alculations
E

xperim
ental results for

electric field near the
cathode (up to d

c ):
E

 = C
(d

c   - x),
x - the distance from

 the
cathode, C

 – a constant

V(x)
=

Edx
=

C
d

c -
x

(
)

0 xÚ
0 xÚ

dx
=

C
xd

c -
x

22
Ê Ë Á Á 

ˆ ¯ ˜ ˜ 

Students calculate the
potential as a function of
the distance from

 the
cathode:

•E
lectrom

agnetism

•C
alculus

W
hat’s a “

space
charge”?



H
ot or C

old?
H

ot or C
old?

•D
ynam

ics
•E

lectrom
agnetism



E
E

mM
t

avg
,

=
1 2

(
)

E
E

m
m

m
m

t
avg
,

=
+

1
1

2

1
2

2

2

EE
t

ª
1

40
000
,

A
verage am

ount of energy
transferred from

 an electron
to a neutral or an ion in an
elastic collision:

For A
r atom

s:

E
t

ª

•C
onservation of M

om
entum

•C
onservation of E

nergy

T T
i i  and T
 and T

e e

H
ot or C

old?
H

ot or C
old?

Students
Students’ ’ C

alculations
 C

alculations



•E
lectrom

agnetism

Ions or E
lectrons? H

m
m

... 

R
ight H

and 
R

ight H
and – – N

o D
oubt!

 N
o D

oubt!



A
 G

low
ing Plasm

a G
lobe 

A
 G

low
ing Plasm

a G
lobe – –

Set them
 up then follow

 their lead
Set them

 up then follow
 their lead

    
    [4]

•C
onservation of M

om
entum

•A
tom

ic and Q
uantum

 Physics
•C

onservation of E
nergy

W
hy does it glow

? 
W

hat m
akes it purple?

W
hy are there strings of light? 

W
hy does it only glow

 inside?

Students’ Q
uestions:

4. R
.R

. H
ake, "Interactive-engagem

ent versus traditional m
ethods: A

 six-thousand-
student survey of m

echanics test data for introductory physics courses," A
m

. J. P
hys.

66 , 64-74 (1998).



•E
lectrom

agnetism
•C

onservation of M
om

entum
•C

onservation of E
nergy

Students
Students’ ’ Q

uestions:
 Q

uestions:
W

hy do you need vacuum
?

•D
ynam

ics



•A
tom

ic and Q
uantum

 Physics
•C

onservation of M
om

entum
•C

onservation of E
nergy

E
lastic and

Inelastic C
ollisions

A
 G

low
ing Plasm

a G
lobe

A
 G

low
ing Plasm

a G
lobe



U
sing P

lasm
a to Teach P

hysics:
U

sing P
lasm

a to Teach P
hysics:

 A
n E

xam
ple of a C

ourse C
urriculum

 A
n E

xam
ple of a C

ourse C
urriculum



E
xperim

ents:
E

xperim
ents:

Sim
ulating a R

esearch E
nvironm

ent
Sim

ulating a R
esearch E

nvironm
ent  [5, 6]

  [5, 6]

5. A
. V

an H
euvelen, "L

earning to think like a physicist: A
 review

 of research-based
instructional strategies," A

m
. J. P

hys. 59, 891-897 (1991).
6. A

. M
. C

ox, “T
he Scientist’s A

pprentice”, Science Teacher, 65, 39-41 (1998)

Students
•P

lan all w
ork

•F
orm

ulate research goals
•R

equest, procure, assem
ble all apparatus

•C
ollaborate w

ith scientists and engineers
•Share their experiences and learn from

 peer groups
•C

ritique and evaluate each other’s w
ork

•W
rite papers and m

ake oral and poster presentations



•T
he Study of Ionization

W
aves U

sing a Fast
Photodiode (under
developm

ent)

Sim
ulating a R

esearch E
nvironm

ent:
Sim

ulating a R
esearch E

nvironm
ent:

L
ong T

erm
 E

xperim
ents

L
ong T

erm
 E

xperim
ents

•B
reakdow

n in V
arious G

ases

•V
isible Spectrum

 of
G

low
 D

ischarge in
V

arious G
asses

•M
icrow

ave Interferom
etry to

D
eterm

ine P
lasm

a D
ensity



P
lasm

a - R
ich Learning E

nvironm
ent

P
lasm

a - R
ich Learning E

nvironm
ent

“B
esides plasm

a’s obvious m
erits, it looks cool and is fun to play

w
ith, it teaches a type of thinking I think is m

ore im
portant to learn

than any single physical concept.” A
 student’s com

m
ent



•reduce fragm
entation of learning [5, 7]

•encourage active involvem
ent [4]

•construct appropriate m
ental m

odels [8]

4. R
.R

. H
ake, "Interactive-engagem

ent versus traditional m
ethods: A

 six-thousand-
student survey of m

echanics test data for introductory physics courses," A
m

. J. P
hys.

66,  64-74 (1998).

5. A
. V

an H
euvelen, "L

earning to think like a physicist: A
 review

 of research-based
instructional strategies," A

m
. J. Phys. 59, 891-897 (1991).

7. F. R
eif, "Instructional design, cognition, and technology: A

pplications to the
teaching of scientific concepts," J. R

es. Sci. T
each. 24:4, 309-324 (1987).

8. E
. F. R

edish, N
. Steinberg, “T

eaching Physics: Figuring O
ut W

hat W
orks”, Physics

T
oday, 52, 24-30 (1999)

P
lasm

as U
nify Introductory P

hysics
P

lasm
as U

nify Introductory P
hysics



P
lasm

a P
h

ysics an
d

 F
u

sio
n

 E
n

erg
y In

stitu
te

fo
r H

ig
h

 S
ch

o
o

l P
h

ysics T
each

ers

  “ “P
lasm

as are ideal to illustrate m
any concepts in 

P
lasm

as are ideal to illustrate m
any concepts in … …

physics curricula including w
aves, atom

s, nuclear
physics curricula including w

aves, atom
s, nuclear

reactions, relativity, electricity and m
agnetism

reactions, relativity, electricity and m
agnetism

” ”

a tw
o

-w
eek in

ten
sive w

o
rksh

o
p

affectio
n

ately kn
o

w
n

 as

From
 the w

orkshop
overview

 http://science-
education.pppl.gov/Sum
m

erInst/A
B

O
U

T
.H

T
M

L

A
ndrew

 Post Z
w

icker -
L

ead Scientist,
runs Plasm

a C
am

p

T
he credits go to:

T
he credits go to:

P
lasm

a C
am

p
P

lasm
a C

am
p



In D
r. C

ohen’s
G

raduate Study
L

aboratory

L
earning by D

oing
P

hysics T
eachers

P
hysics T

eachers
•study plasm

a physics and fusion
energy through experim

ental
research
•perform

 experim
ents to

investigate the basic properties of
plasm

as
•develop new

 plasm
a-based

lesson plans, investigations, and
dem

onstrations

C
D

X
 C

ontrol room

G
low

L
ab



Your ow
n P

et  P
lasm

a:
Your ow

n P
et  P

lasm
a:

W
ant to take it hom

e? –
 H

ere is how
:



V
eteran cam

pers assem
ble a

glow
 discharge apparatus and

experim
ent w

ith it, learning
•E

lectrical safety
•Plasm

a Physics
•E

lectrom
agnetism

•V
acuum

 T
echniques

•H
ow

 to be students

T
ools for learning

T
ools for learning  – – T

ools for teaching
 T

ools for teaching

P
lasm

a C
am

p 2001: 



P
lasm

a based C
urriculum

 has been tried
P

lasm
a based C

urriculum
 has been tried

•
Introductory high school
level, algebra based

•
A

dvanced Placem
ent course

for high school students,
calculus based

•
A

nalytical Physics for
Freshm

en engineering
students, calculus based

•
W

orkshop for Physics
T

eachers, m
ath levels varied

•
Interactive lecture
dem

onstrations
•

L
aboratory

E
xperim

ents
•

R
esearch Projects

•
“M

ake and T
ake” for

T
eachers

in V
arious F

orm
ats:

in V
arious F

orm
ats:

on V
arious Levels:

on V
arious Levels:

A
uthors are scientists and teachers,

including m
any Plasm

a C
am

pers
http://science-education.pppl.gov/
Sum

m
erInst/C

U
R

R
IC

U
L

U
M

.H
T

M
L



A
L

L
 Y

O
U

 N
E

E
D

 IS
A

L
L

 Y
O

U
 N

E
E

D
 IS

A
 few

 of these

a few
 of those

and



Y
O

U
Y

O
U

C
A

N
 D

O
 IT

!
C

A
N

 D
O

 IT
!

A
FT

E
R

 A
L

L
 – IT

’S P
L

A
SM

A
!

P
L

A
SM

A
!



D
O

 IT
D

O
 IT

A
L

L
 T

H
E

A
L

L
 T

H
E

T
IM

E
 !

T
IM

E
 !

•Increase Scientific L
iteracy

W
e C

A
N

 Share O
ur P

assion w
ith our Students

•M
otivate 

•T
each L

earning and T
eaching

E
m

bark on true scientific exploration:
D

O
 P

L
A

SM
A

 P
H

Y
SIC

S
D

O
 P

L
A

SM
A

 P
H

Y
SIC

S


