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Preface

This activity is intended for use in high school and introductory college courses to supplement the topics on the Teaching Chart, Fusion:  Physics of a Fundamental  Energy Source, produced by the Contemporary Physics Education Project (CPEP).  CPEP is a non-profit organization of teachers, educators, and physicists which develops materials related to the current understanding of the nature of matter and energy, incorporating the major findings of the past three decades.  CPEP also sponsors many workshops for teachers. See the homepage www.CPEPweb.org for more information on CPEP, its projects and the teaching materials available. 

The activity packet consists of the student activity and these notes for the teacher. The Teacher’s Notes include background information, equipment information, expected results, and answers to the questions that are asked in the student activity.  The student activity is self-contained so that it can be copied and distributed to students. Teachers may reproduce parts of the activity for their classroom use as long as they include the title and copyright statement.  Page and figure numbers in the Teacher’s Notes are labeled with a T prefix, while there are no prefixes in the student activity.

Developed in conjunction with the Princeton Plasma Physics Laboratory and funded through the Office of Fusion Energy Sciences, U.S. Department of Energy, this activity has been field tested at workshops with high school and college teachers.

We would like feedback on this activity. Please send any comments to:

Robert Reiland

Shady Side Academy

423 Fox Chapel Road

Pittsburgh, PA 15238

e-mail: robreiland1@comcast.net

voice:  412-968-3049

The Physics of Plasma Globes

Teacher’s Notes

Part of a Series of Activities in Plasma/Fusion Physics 

to Accompany the chart

Fusion:  Physics of a Fundamental Energy Source

Equipment List:

Spectrum Tubes, especially

Argon
(Science KIT 62999-55)

Neon
(Science KIT 62999-15)

Mercury
(Science KIT 62999-14)

Krypton
(Science KIT 62999-13)

Xenon
(Science KIT 62999-19)

or equivalent

Spectrum Tube Power supply  (Science KIT 62999-26 or equivalent)

Spectroscope  (Science KIT 16525-00 or equivalent)

Diffraction Grating  (Science KIT 65681-00 or equivalent)

"Nebula Ball" Plasma Globe  (or equivalent)


Available in Radio Shack or many “novelty” stores; from Arbor Scientific;  through the internet, for example at http://coolstuffcheap.com
Clear tungsten bulb/coated tungsten bulb  (with socket and a/c power cord)

Variac to "run" tungsten bulbs

Standard (Coated) fluorescent bulb  (with "fixture" and a/c power cord)

coin

nail/paper clip

colored pencils

Optional:  Half Coated fluorescent bulb (Science KIT 46144-00) and power supply (Science KIT 69716-01 or equivalent)  or  “black light” fluorescent bulb (with fixture and AC power cord)

(Note:  See http://www.ScienceKit.com for many of these equipment references)

Background and Set up:

In this activity, some basics of plasmas, spectra and currents can be observed and studied with either commercial or constructed plasma globes/bulbs in conjunction with spectrum tubes.*  If cost is a limitation, a variety of light bulbs can be used instead of plasma globes/bulbs.  The basic requirements are a low pressure gas in a glass container which can be energized by either a high voltage a.c. source or a high voltage d.c. pulsed source.  These requirements are built into commercial plasma bulbs/globes such as the “Nebula Ball”, and the “Sunder Ball” which typically contain gas mixtures such as xenon, neon, argon and krypton at about 104 Pa, one-tenth atmospheric pressure.

It is already common for schools to have spectrum tubes that contain particular gases for the study of line spectra in chemistry or physics.  These can be used as a starting point to attempt to use spectra to study the gases in plasma globes and light bulbs.  Ideally your school will have a special power supply for the spectrum tubes.  If it doesn’t, or if you want to energize them in other ways, the gases can be energized to emit their characteristic spectral lines with either a Tesla coil or sparks from a Wimshurst machine or a Van de Graaff electrostatic generator.  All of these can be purchased from just about any science education supply company such as Science Kit, Pasco or Frey Scientific.  The gases that are most useful to prepare for the study of plasma globes and fluorescent tubes are neon, argon, mercury vapor, xenon and krypton.  If you have the money, you may also want nitrogen and helium. 

A half-coated fluorescent tube is a useful option for the first part of the activity. This specially manufactured tube is clear for half of its length and is coated with the normal phosphors for the other half.  You are then able to see the glowing gas within the tube on the clear side and compare it to the light we normally see as emitted by the phosphor-coated side.  You can instead use a clear “black light” beside an ordinary fluorescent light as an uncoated-coated fluorescent light combination.

To energize the gases in a spectrum tube or light bulb with a Tesla coil, Wimshurst machine or Van de Graaff, ground one end of the tube or bulb by holding the metal electrode in your hand or attaching it to a ground wire, and bring the other end near the Tesla coil, Wimshurst machine or Van de Graaff.  If you ground the tube with your hand be prepared to experience an electrical shock.  Start with the Tesla coil or electrostatic device at a low setting to determine if this will bother you.  The shocks are not dangerous, but if they do bother you, use a grounding wire instead of your hand.

Spectra can be viewed through a diffraction grating or a student spectroscope such as those sold by Science Kit.  The advantage of the student spectroscope is that, if the glowing gas is not shifting much and is intense enough to be seen with some light in the room, the wavelengths of the emission lines can be determined.  However, given the limited number of likely gases in plasma globes/bulb and light bulbs, there is a good chance that some of them can be determined just by knowing the pattern of their brightest colored emission lines.

Nearly all ordinary light bulbs will have some gas or gases inside that will not combine chemically with metals.  Ordinarily this is nitrogen, argon or a combination of these.  If you are looking for bulbs that contain gases with higher atomic masses, such as xenon or krypton, these will usually be found in the longer-life bulbs. (See “General background to help in the interpretation of your observations” in the student version of the activity for more on this.)  

In order to help your students to use spectra to identify gases, you may find the following information about visible light line spectra to be useful.  The wavelengths for the emission lines of the listed elements are those found in the Handbook of Chemistry and Physics.  However, since these do not always correspond well with what will be seen in a student spectroscope, there is a description of what the patterns actually look like through one of these spectroscopes below each set of wavelengths.  The wavelengths are in nanometers (1 nm = 10-9m).*
As seen by the human eye, colors in the full visible spectrum flow gradually from one to another with no definite boundaries.  The wavelengths separating one color from another are judged differently by different people, and many different sets of boundary wavelengths can be found listed in references on the subject.  The typical set given in the following table can be useful to you and to students as long as it is understood that the boundary wavelengths are approximate.  Also note that violet starts at slightly less than 400 nanometers and red goes beyond 700 nanometers.  The commonly stated range of visible light of 400 nm to 700 nm is also only approximate.

	Wavelength for visible light (nm)-approximate color ranges:

	The entire visible range:
	Violet
	Blue
	Green
	Yellow
	Orange
	Red

	400 – 700
	400 – 430
	430 – 490
	490 – 570
	570 – 590
	590 – 620
	620 - 700


	Element
	Wavelength (nm)
	Color

	neon
	439
	blue

	
	585
	yellow

	
	618
	orange

	
	640
	red


Actual appearance:  Many dim lines in the blue-violet range, two bright green lines, two bright yellow-orange lines and many red lines.

	Element
	Wavelength (nm)
	Color

	argon
	435
	blue

	
	477
	blue

	
	488
	blue

	
	696
	red


Actual appearance: Several lines in the blue-violet range, a dim yellow-green line, an orange line and a red line.

	Element
	Wavelength (nm)
	Color

	mercury
	405
	violet

	
	436
	blue

	
	546
	green

	
	579
	yellow


Actual appearance:  Two lines in the blue-violet range, a green line, a yellow line and a dim orange-red line

	Element
	Wavelength (nm)
	Color

	krypton
	427
	violet

	
	432
	blue

	
	436
	blue

	
	462
	blue

	
	466
	blue

	
	474
	blue

	
	477
	blue

	
	557
	green

	
	587
	yellow


Actual appearance: Many dim lines in the blue-violet range, two bright green lines, two bright yellow-orange lines and many red lines.

	Element
	Wavelength (nm)
	Color

	xenon
	418
	violet

	
	433
	blue

	
	446
	blue

	
	508
	green

	
	529
	green

	
	531
	green

	
	534
	green

	
	542
	green

	
	547
	green

	
	598
	orange

	
	604
	orange

	
	605
	orange

	
	610
	orange

	
	660
	red

	
	681
	red

	
	699
	red


Actual appearance: A bright blue line or two, some dim green lines and one bright one, some dim orange lines and a few red lines.

Expected Results and answers to questions:
From Using Spectrum Tubes as Reference Sources section: 

From Procedure 2: 

Question: As a check on what you have found, observe tubes of unknown gases (have someone else put them in the power supply), and use your record of color, brightness and spectral lines to identify each gas.  Are there any gases that you could identify by color and/or intensity alone?

Answer:  Yes, if the gases used are limited to neon, argon, mercury and krypton, identification is not difficult.  Neon is bright orange, argon is bright violet, mercury is blue and krypton is nearly white with a hint of violet.  If nitrogen or especially xenon are included, it becomes a little more difficult but still possible.  Xenon is blue-violet and nitrogen is yellow-orange.

Question:  Can you be sure that any time you see a plasma glow of this color and similar intensity it will come from the same gas?

Answer:  No, many different combinations of emission lines will give the same appearance of color to the unaided eye.  Further analysis with a spectroscope is usually necessary.

From Procedure 3:

Question:  Next turn on a clear glass light bulb and a fluorescent light and observe these through a grating or spectroscope.  If you also have an uncoated fluorescent light or are using a half-coated one, examine the light from the uncoated part as well as from the coated part.  What is different about the spectra of light bulbs, fluorescent lights and spectrum tubes? 

Answer:  Light bulbs have a continuous spectrum that includes all colors.  Fluorescent lights have a continuous spectrum with a few colored lines that are brighter than their surroundings if coated and just the colored lines (spectrum) if uncoated (clear).  Spectrum tubes have line spectra.  

Question: From your observations of the light bulb with a diffraction grating or spectroscope, how much of the light output do you think is produced by excitation of the gases inside?
Answer:  Since you will see no line spectrum, none of the light from a light bulb in normal operation comes from excitation of the gases inside.

From Using Spectral Analysis to Identify the Gases in the Plasma Globe/bulb section:
From Procedure 1:

If you have notes or memory of visual color of gases in spectrum tubes, first observe the streamers in your plasma globe/bulb to see if the colors match any of those in spectrum tubes.  The best option would be to observe excited spectrum tubes beside your plasma globe/bulb.  You can now form a hypothesis about what gas or gases might be in the bulb, but unless there is an extremely good visual match, it’s best to be skeptical of this tentative identification.

Expected Result:  It’s unlikely that students will be able to tell what gases are involved visually unless they know for sure that there is only one gas in the bulb.  There are too many combinations of spectra that give the same appearance of color to the unaided eye.

From Procedure 2:

You can then try to make a better identification by carefully observing the spectrum. It is normally difficult to find a streamer that stays in one place long enough for you to see clearly the spectrum through a diffraction grating or a spectroscope.  But this can be done by using a vertical streamer that you can hold in place with one end of a grounding wire in contact with the top of the globe.   (You could use your finger instead of the grounding wire, but the contact point is soon going to get hot, and burns are possible from prolonged contact).  The other end of this wire should be plugged into the "ground" hole of an outlet, as illustrated in Figure 1.  A second student should record the spectral information while the first is reporting colors and wavelengths (if they can be seen in the available spectroscopes).  Because there may be many observable lines, it is probably best to record the colors and/or wavelengths from brightest to dimmest as much as possible.  One additional difficulty is that, even using a vertical streamer, there will be enough motion of the streamer to move it in and out of view, and the streamer will be wide enough to make some nearby lines hard to resolve.  Patience and repeated careful observations may be needed to get good results.

Expected result:  What they record will depend on the specific gases in the bulb.  A common result, typical of the Nebula Ball, is to see one bright blue line, some dim green lines, a bright yellow region that could be two or more unresolved lines and many red lines that are dim to moderate in brightness.  This would be a good fit with krypton that may also include some neon.

From Procedure 3:

Once the observed lines and patterns of lines have been recorded, try to match them with your information about spectra of pure gases.  If you have a very close match, you can conclude that the gas inside your bulb is predominantly that of the match.  More likely you will find that one gas dominates the spectrum but doesn’t account for all of the lines observed.  In that case, record your best conclusion as to the name of the dominant gas, and try to use the weaker lines that don’t match that gas to determine what other gas or gases may be present.

Expected results:  As implied in the answer to the previous question, there can be a lot of uncertainty in this.  In a mixture of two gases it may be difficult for students to identify both confidently.  Those willing and able to spend an extra hour or so in carefully observing and checking against a set of spectrum tubes are likely to be able to determine a second gas if there is one.

Question: Try to come up with a way that doesn't involve spectroscopy to determine what gas or gases is/are present in the globe.  Assume that you can do anything that you want and that money is not an object.  Be as specific in describing a process as you can.  Do you think that it is likely that there is a way to identify gases that is either cheaper, easier to do or more accurate than spectroscopy?

Answer: This is an open-ended question that will be difficult for most students to answer with a workable process.  Because of the difficulty, this might best be done as a class brainstorming activity.

One possibility would be to break one or more bulbs to collect the gas.  They could be broken under water so that the gas would rise into a collection system that has no other gases in it.  The collected gases could be taken to a lab in which low temperatures can be produced and gradually cooled until some or all of the gas liquefies.  The temperature at which this occurs is called the boiling point of the gas, and each gas of those that could be in the bulb has a distinct boiling point that can be used for identification.  If some of the gas doesn't liquefy when the first liquefaction occurs, continue the cooling until all of the gas has liquefied, and note each boiling point.

There are ways in which the gases could be collected to determine density, but these are even more difficult than the liquefaction method, and they would be a lot less accurate as well.

The liquefaction method is more expensive and more difficult to do than the use of spectroscopy, but it would be as accurate in identifying the gases in plasma bulbs.

From the Playing with the Plasma Globe section:

From Procedure 1:

Question: To test that what you are seeing is electrical, place either a coin or a flat disk of aluminum foil on top of the globe and bring a pointed piece of metal such as a key, a nail or the end of an opened up paper clip near the edge of the disk.  In a darkened room you should see small sparks.  Are these sparks the same color as the streamers?

Answer:  They will be closer to white than the streamers are.

Question: At this point you might want to examine the colors of the streamers from the central electrode to the glass surface more carefully.  Is the color uniform?

Answer:  No, the colors near the glass tend to be in the orange-yellow range.  Away from the glass the streamers’ color may be more toward the violet end of the spectrum.

Question:  Different colors are evidence of different atomic transitions within the same gas or gases.  How many different color patterns can you observe?

Answer:  At least two inside the globe.  The colors near the glass have fewer (or less intense) shorter wavelength characteristic lines.  The shorter wavelengths come from higher energy atomic transitions.  These are less likely near the glass where some electrons and ions have their paths limited by the glass boundary.  This means that on the average these electrons can’t gain as much energy from the driving electric fields as they would where they are not stopped by the glass and so cannot excite the higher energy levels.

APPENDIX
Alignment of the Activity

The Physics of Plasma Globes

with

National Science Standards
An abridged set of the national standards is shown below.  An “x” represents some level of alignment between the activity and the specific standard. 

	National Science Standards (abridged)

Grades 9-12
	

	A.  Science as Inquiry
	

	     Abilities necessary to do scientific inquiry
	X

	     Understandings about scientific inquiry
	X

	B.  Physical Science Content Standards
	

	     Structures of atoms
	X

	
Motions and forces
	X

	
Conservation of energy
	X

	
Interactions of energy and matter
	X

	D. Earth and Space
	

	
Origin and Evolution of the Universe
	

	E. Science and Technology
	

	
Understandings about science and technology
	

	G. History and Nature of Science
	

	
Nature of scientific knowledge
	X


Alignment of the Activity

The Physics of Plasma Globes

with

AAAS Benchmarks
An abridged set of the benchmark is shown below.  An “x” represents some level of alignment between the activity and the specific benchmark. 

	AAAS Benchmarks (abridged)

Grades 9-12
	

	1. THE NATURE OF SCIENCE
	

	     B. Scientific Inquiry
	X

	2. THE NATURE OF MATHEMATICS 
	

	     B. Mathematics, Science, and Technology 
	X

	3. THE NATURE OF TECHNOLOGY 
	

	     C. Issues in Technology
	

	4.  THE PHYSICAL SETTING 
	

	     A. The Universe 
	

	     D. The Structure of Matter
	

	     E. Energy Transformations
	X

	     F. Motion
	

	    G. Forces of Nature
	X

	11.  COMMON THEMES
	

	     A. Systems 
	

	     B. Models 
	X

	     C. Constancy and Change
	X

	     D. Scale
	X

	12.  HABITS OF MIND 
	

	     B. Computation and Estimation
	X


* See also N. R. Guilbert, “Deconstructing a Plasma Globe,”  Phys. Teach.  37, 11-13  (Jan.’99).





* The following three urls can be used to supplement students’ observations of spectrum tubes, plasma globes and fluorescent lights with diffraction gratings and spectroscopes.  Each provides the user with selectable views of particular atomic spectra.  The three sites have different features, capabilities and data sets, which complement one another.  As always with Internet sites, check that the urls are current.





http://members.rogers.com/laserstars/data/elements/index.html


http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/atspect2.html


� HYPERLINK http://phys.educ.ksu.edu/vqm/html/emission.html ��http://phys.educ.ksu.edu/vqm/html/emission.html�








