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Program Dates: February 8, 2003



                February 22, 2003

PSU ANS President and Boy Scout Chair: 

Kaydee Kohlhepp

PSU ANS Boy Scout Counselor: 

Craig Mattos

Thank You

Without the help of the following people and organizations this program would not have been possible.  Their participation, dedication and commitment to this program has lead to an overwhelming success in the Atomic Merit Badge Program and Penn State ANS thanks them.

Radiation Science and Engineering Center

PSU ANS Volunteers

Dr Edwards – PSU ANS Faculty adviser

Tom Fonda – Boy Scout Chairman of the Nittany Mountain District

Dr Edwards – PSU ANS Faculty adviser

All the participating Boy Scouts Troops
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ANS volunteers take a break between sessions

Introduction:

Public perception of nuclear technology is often riddled with fear and

misconception. As the nuclear accidents like Three Mile Island and Chernobyl

slip into the past and we move toward a more technologically oriented future, the door to change the public's perception of nuclear technology is opening. One way to help alleviate this perception barrier is through outreach programs that focus on public education. Education before the development of misconceptions is more effective than trying to combat fallacy and myth later. 

The scouting program presents the ANS with the perfect opportunity to reach out to the youth of today and the future of tomorrow. The Penn State Student ANS first sponsored an Atomic Energy Merit Badge Workshop for the Boy Scouts in October of 1995. The first Nuclear Science and Technology Patch Workshop for Girl Scouts followed in March 1996. Both workshop programs were highly successful and offered annually until spring of 1999. Despite the success of the programs, the annual workshops stopped for a few years. [1]

This successful outreach program has been reestablished by the Penn State Student ANS and a workshop was given in March of 2001. Since then the program has been run once per year during the spring semester.

This year, due to the overwhelming response of applications received in the first weeks of registration, PSU ANS decided to offer this program twice in the month of February. 
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Boy Scouts use a Geiger counter to determine which plate is covering a radioactive source.

Attendance:

On February 8, 2003, 5 Troops, totaling 47 scouts earned their atomic merit badge. Twenty-three PSU students volunteered for 8 hours to run this program. A total of 70 people participated in this day. The name of each scout who earned their badge is given below. 

Troop 31 from State College  

Scouts:

Andy Colwell 

Ben Jones 

Chris Tauna-Carleton  

Daniel Miller 

Doug Pietrucha

Eli Jantzer

Ellis Dunklebarger

Jack Hay

Martin Greenberg

Matt Lanagan

Max Weiss 

Mitchell Arbogast  

Mitchell Dunklebarger 

Peter Miller

Sam Young 

Tyler DeLorenzo 

Chaperons:

David Dunklebarger 

Dave Young

Troop 20 from Centre Hall

Scouts:

Allen Stover

Cody Stover

Garrett Schwier

Jeff Ayers

Kyle Palm

Ross Judy

Steven Houts

TJ Smith

Ty Leidy

Chaperons:

Jeff Ayers

Troop 419 from Selinsgrove 

Scouts:

Aaron Wolf

Adam Scholl

Andrew Champion

Charles Swazey

Danilo Ortner

Jonathan Champion

Matt Stenglein 

Ryan Ettinger

Chaperons:

Arden Miller

Jeff Champion

Troop 66 from Bellefonte

Scouts:

Andy Nordberg

Ben Montgomery

Cody Brickley

Daniel Corbett

Eric Seyler

Geoffrey Eckess

Jarryd Beard

Jason Eckess

Matt Eckess

Nick Struble 

Chaperons:

Marty Nordberg 

Jon Eckess 

Troop 32 From State College

Scouts:

Bill Van Saun

Jeffrey Mistrick

Michael Phillips

Timmy Campbell 

Chaperons:

Richard Campbell

The following PSU ANS Volunteers participated in the February 8 Session

Ashley Talley

Bret Rickert

Brian Surowiec

Brian Pye

Chris Grapes

Craig Matos

David Nill

Dianna Hahn

Doug Yocum

Frank Buschman

Jaclyn Adamonis

Jason Skolnick

Jeff Lane

Jess Klingensmith

Kaydee Kohlhepp

Melisa Marcy

Patrick Sebastiani

Rachel Slaybaugh

Richard Heibel

Rob Shuster-Edelson

Sheandelle Johnson

Tristan Schaefer

William Harding

On February 22, 2003, 4 Troops, totaling 30 scouts earned their atomic merit badge. Fourteen PSU students volunteered for 8 hours to run this program. A total of 50 people participated in this day. The names of Troops scouts are given below. 

Troop 83 From State College

Scouts:

Colin Morella

Kyle Surovec

J.J. Thomchick

Kyle Ragan

Evan Griffin

Matt Throwart

Robert Lillie

Mitchell Lillie

Chaperons:

Mark Thorwart 

Troop 31 From State College

Scouts:

Adam Bergeman

Brian Horton

Aaron Kaye

Rickey Stoekl

Morgan Slimak, 

Seth Kochersperger

Eli Kochersperger

Buddy Frazier

Aaron Lafevers

Chris LeBihan

Doug Bowen, 

Chaperons:

Darryl Slimak, 

George Bergeman

Steve Kochersperger

David Mortensen

Troop 380 From Boalsburg

Scouts:

Hobart Kistler 
Craig Karduck  

Mark Holsing  
Matt Antle  
Derek Farr  

Chaperons:

Mark Holsing 

Troop 59 From Port Matilda

Scouts:

William Sutton 

George Neal 

Derrick Bonsell 

Paul  Shan 

Chaperons:

Ida Lively 

The following PSU ANS Volunteers participated in the February 22 Session

Ashley Talley

Bret Rickert

Brian Pye

Bob Sears

Craig Matos

David Nill

Dianna Hahn

Doug Yocum

Patt Hahn

Frank Buschman

Jaclyn Adamonis

Jason Skolnick

Jess Klingensmith

Kaydee Kohlhepp

Tristan Schaefer

Rachel Slaybaugh

Vaughn Whisker

William Hardin
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Scouts studying People In Atomic Energy

Pre-Workshop Activities:

Prior to the workshop dates PSU ANS members attended a Boys Scout Council meeting to announce the opening of registration for this year's workshop.  A letter and registration packet was distributed to interested troop leaders.  Following this meeting troops emailed or mailed in registration forms to PSU ANS.  Within the first week of registration PSU ANS had reached their limit.  A second session was announced to accommodate the larger number of interested scouts.  This session quickly filled. In total about 120 scouts applied for the program, however due to the size of the facility and time constraints PSU ANS could only accept the first 9 troops, totaling 78 scouts.

Beginning in January, Kaydee Kohlhepp and Craig Mattos met weekly to discuss the schedule of events. In addition to the merit badge requirements PSU ANS came up with a few additional activities to enforce some important concepts being presented.

One week prior to the workshop volunteers met to discuss final plans.  At this meeting duties were assigned and packets of information were made for each scout attending.  

Schedule of Events:

8:00 

ANS members arrive

8:30 

Scouts arrive 

8:30-8:45 
Safety Video 

9:00-9:45
Intro Speech; Definition of Terms and People 

9:45-12:45
Activities



Cloud Chambers/Building Atom Models 



Radiation Hunt



Scalar Activity 

12:45-1:15
Lunch 1 Group 1



Intro to Tour Speech Group 1 

1:15-1:45
Lunch 2 Group 2



Intro to Tour Speech Group 2 

1:45-2:30
Tour Group 1



Fission/Chain Reaction Diagrams 

2:30-3:15 
Tour Group 2  



Fission/Chain Reaction Diagrams 

3:15-3:30
ATOMS (BINGO)  Sign Blue Cards/ ANS members clean up

3:30-4:00
PSU clean up

Atomic Merit Badge Requirements:

The requirements for a scout to earn their Atomic Merit Badge are set by the Boys Scouts of America National Council and are listed below.  PSU ANS volunteers facilitated discussions and activities so that all badge requirements were met during a single day.

The first five actives are required for all scouts to complete.

1. Tell the meaning of the following: alpha particle, atom, background radiation, beta particle, curie, fallout, half-life, ionization, isotope, neutron, neutron activation, nuclear reactor, particle accelerator, radiation, radioactivity, roentgen, and x-ray.

2. Make three-dimensional models of the atoms of the three isotopes of hydrogen. Show neutrons, protons, and electrons. Use these models to explain the difference between atomic weight and number.

3. Make a drawing showing how nuclear fission happens. Label all details. Draw a second picture showing how a chain reaction could be started. Also show how it could be stopped. Show what is meant by a "critical mass."

4. Tell who five of the following people were: explain what each of the five discovered in the field of atomic energy: Henri Becquerel, Niels Bohr, Marie Curie, Albert Einstein, Enrico Fermi, Otto Hahn, Ernest Lawrence, Lise Meitner, Wilhelm Roentgen, and Sir Ernest Rutherford. Explain how any one person's discovery was related to one other person's work. 

5. Draw and color the radiation hazard symbol. Explain where it should be used and not used. Tell why and how people must use radiation or radioactive materials carefully.

6. Do any three of the following:

(Items marked with an * were completed the day of the workshop)

a. Build an electroscope. Show how it works. Put a radiation source inside it. Explain any difference seen.

b. Make a simple Geiger counter. Tell the parts. Tell which types of radiation the counter can spot. Tell how many counts per minute of what radiation you have found in your home.

c. Build a model of a reactor. Show the fuel, the control rods, the shielding, the moderator, and any cooling material. Explain how a reactor could be used to change nuclear energy into electrical energy or make things radioactive.

* d. Use a Geiger counter and a radiation source. Show how the counts per minute change as the source gets closer. Put three different kinds of material between the source and the detector. Explain any differences in the counts per minute. Tell which is the best way to

shield people from radiation and why.

e. Use fast-speed film and a radiation source. Show the principles of autoradiography and radiography. Explain what happened to the films. Tell how someone could use this in medicine, research, or industry.

* f. Using a Geiger counter (that you have built or borrowed), find a radiation source that has been hidden under a covering. Find it in at least three other places under the cover. Explain how someone could use this in medicine, research, agriculture, or industry.

g. Visit a place where X ray is used. Draw a floor plan of the room in which it is used. Show where the unit, the person who runs it, and the patient would be when it is used. Describe the radiation dangers from X ray.

* h. Make a cloud chamber. Show how it can be used to see the tracks

caused by radiation. Explain what is happening. [2]

How each requirement was met:

Requirement 1:  Tell the meaning of the following: alpha particle, atom, background radiation, beta particle, curie, fallout, half-life, ionization, isotope, neutron, neutron activation, nuclear reactor, particle accelerator, radiation, radioactivity, roentgen, and x-ray.

This was the first requirement met for the day. A power point presentation was made by PSU ANS members defining each term. The ANS members did a 45 minute discussion about the terms and then verbally asked each scouts to define the terms. This activity served as a good introduction to the day. During this introduction speech members also introduced scouts to many applications of nuclear technology. 

Requirement 2: Make three-dimensional models of the atoms of the three isotopes of hydrogen. Show neutrons, protons, and electrons. Use these models to explain the difference between atomic weight and number.

Large marshmallows were used to model protons and neutrons and small marshmallows were used to model electrons.  Each scouts built models of hydrogen, deuterium, and tritium using marshmallows and toothpicks.  The scouts enjoyed using the marshmallows and eating them afterwards.  During the February 22 session there were not enough marshmallows so donuts hole from breakfast were used to model neutrons and protons. 
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ANS members Bill Harding and Melisa Marcy lead the scouts in building models of hydrogen isotopes

Requirement 3 and 5 : Make a drawing showing how nuclear fission happens. Label all details. Draw a second picture showing how a chain reaction could be started. Also show how it could be stopped. Show what is meant by a "critical mass." 

Draw and color the radiation hazard symbol. Explain where it should be used and not used. Tell why and how people must use radiation or radioactive materials carefully.

A PowerPoint presentation was made about fission and chain reactions.  After the presentations, large paper was passed around to scouts and each individual scouts was asked to draw a fission diagram, chain reaction diagram, and the radiation symbol. There was also additional time for scouts to draw the food irradiation symbol.  At the end of the day, T-Shirts were given as prizes for the best drawings.

Requirement 4: Tell who five of the following people were and explain what each of the five discovered in the field of atomic energy: Henri Becquerel, Niels Bohr, Marie Curie, Albert Einstein, Enrico Fermi, Otto Hahn, Ernest Lawrence, Lise Meitner, Wilhelm Roentgen, and Sir Ernest Rutherford. Explain how any one person's discovery was related to one other person's work. 

This activity took place over the course of the day.  During the introduction speech, scouts were broken into groups of 2-3 and each group was given a short biography about a single scientist.  Then each group gave a 1 minute presentation about the person they researched to the other scouts.  The scouts were asked to take notes on each person using a provided handout.  Throughout the day, scouts learned about people that were relevant to the activity they were working on.  At the end of the day, ANS members individually asked each scout to name who the five of the scientist were and their discoveries. 

Scalar Activity 

Badge Requirement: Use a Geiger counter and a radiation source. Show how the counts per minute change as the source gets closer. Put three different kinds of material between the source and the detector. Explain any differences in the counts per minute. Tell which is the best way to shield people from radiation and why [2].

This requirement could be easily accomplished using Geiger counters; however, PSU ANS chose to use the scalars (counters using a Geiger-Mueller tube detector that give digital numerical readings of counts instead of audible readings). Three small experiments were carried out with the scalar equipment:

Background Radiation

A measurement of background radiation was taken to illustrate the existence of background radiation and the random nature of radioactive decay. See Attachment 1.

Effect of Distance

The effects of distance of the source from the detector were investigated. Timed counts were taken as each source was moved a specified distance from the detector tube. See Attachment 2.

Shielding Experiment

The effect of different types of shielding materials on radiation reaching the detector was investigated. Radiation counts were obtained while using different material for shielding. The shielding materials included paper, plastic, lead, aluminum, and tin foil. At the end of the activity a worksheet was completed to reinforce important concepts. 

Radiation Hunt Activity 

Badge Requirement: Using a Geiger counter (that you have built or borrowed), find a radiation source that has been hidden under a covering. Find it in at least three other places under the cover. Explain how someone could use this in medicine, research, agriculture, or industry [2].

This requirement was supplemented by other activities to fill the hour time period. 

Applications of radiation in medicine

Scouts used a Geiger counter to find radioactive sources embedded in foam board and covered by a paper. A word or phase was written on the covering and as the scouts located the sources they put the words together to form a sentence about nuclear medicine. 

Irradiated Versus Radioactive

This section involved the scouts taking Geiger counter measurements of radioactive items (e.g. Old thorium-containing Coleman lantern mantle, salt substitute, smoke detector, rocks containing uranium compounds, orange Fiesta Ware™) and irradiated items (e.g. surgical gloves, irradiated sponges, and other colors of Fiesta Ware). These items were used to demonstrate the difference between irradiated and radioactive.

Finding Hidden Radiation Sources

The actual badge requirement was met when each Scout used a Geiger counter to determine which of 5 paper plates had radioactive sources under them. Obviously, only beta and gamma sources could be used here, and Scouts had to figure out why. Scouts discussed with a volunteer the applications of this concept and listed them on a worksheet. 

Cloud Chamber Activity 

Requirement: Make a cloud chamber. Show how it can be used to see

the tracks caused by radiation. Explain what is happening [2]. 

The Radiation Science and Engineering Center provided pre-made cloud chamber kits. The scouts placed a small amount of alcohol around the felt on pietre dishes that had small radioactive items such as rocks and thorium Colman mantel lanterns in them.  They then placed the cloud chambers on the dry ice to cool. The scouts then watched the radiation tracks that the radioactive materials were producing.  Following the observation, the scouts filled out a worksheet reinforcing what they had learned. 

Pre-Tour Discussion

After lunch volunteers gave an introduction to the tour speech. This 45 minute presentation consisted of a discussion of the nuclear fuel cycle, how a nuclear power plant works, radioactive waste and fusion.  

Reactor Tours

Following the pre-tour discussion the scouts had an opportunity to tour the Radiation Science and Engineering Center. They had the opportunity to see a SCRAM of the 1 Mega Watt TRIGA Reactor and go in the control room.  The scouts also had the opportunity to try the mechanical manipulators in the hot cells. 

Additional Activities 

Rutherford Scattering – To supplement the cloud chamber activity a demonstration of Rutherford Scattering was done. Rutherford, shot alpha particles at the nucleus of atoms to determine the size and shape.  The students rolled marbles under a piece of cardboard to determine the shape of an unknown object. 

ATOMS- The volunteers invented a game which they describe as a nuclear version of BINGO tm .   Each scout created their own “bingo board” by placing nuclear words on the board in any space they chose. They were given a list of terms that were used in requirement 1.  A volunteer then gave the definitions of words but not the word itself. As the definitions were given the scouts crossed out the word on their board.  The first scout to get ATOMS by crossing out the words won a prize. This game was played until every scout got ATOMS.  This activity worked well as a closing activity because it re-enforced all the terms that the scouts had learned throughout the day. 
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Future Scouting Programs

Since 1999 Craig Matos has been the PSU ANS atomic merit badge councilor. Craig will be graduating in May 2003 and leaving Penn State. Bret Rickert has been named as the new Atomic Merit Badge Councilor.

This year significant changes were made to the program such as removing all pre-requirements. In the past, PSU had asked the scouts to complete the first 5 requirements prior to attending the workshop.  After this year's program PSU ANS feels that having the scouts complete 5 requirements beforehand is ideal. This way the scouts all have some background prior to the event. These  were  removed at the request of troop leaders who said they did not have the technical background to assist the scouts with the pre-requirements.  A suggestion for future workshops would be to have volunteers meet with troop prior to the workshop and assist in these requirements.  This would give the scouts individual attention which is not always available during the workshops.

Another improvement made this year was the use of PowerPoint. Almost every activity had a PowerPoint presentation as a supplement. This worked well for the volunteers and helps convey the information to visual learners. It is also a good way to turn over the running of the program. This will be used again next year and improved upon.

It is hoped that this program will continue to be successful and that the future PSU ANS members will continue to improve upon this excellent program.

References:

1. Shedlock, Daniel,  Mary Lou Gougar. “You Can Make the Difference:

An Atomic Energy Merit Badge Workshop, A Public Education Program.” Paper submitted to the ANS Student Conference, Texas A&M 2000.

2. Atomic Energy Merit Badge booklet, Boy Scouts of America, available through your local BSA Council, bookstore, or library.

Handouts and Materials Used In BSA Program

Atomic Energy Scientists
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Each of the following scientists contributed to the study of atomic energy.  Throughout the day, we will be talking about each persons contribution.  In the blanks below take note about what each scientists contribution was. At the end of the day, each scout will be asked to verbally explain to a PSU ANS member who 5 of the scientists were and their contribution. You will also be asked to explains how any one scientist contribution lead to another's work. 

Henri Becquerel

Neils Bohr

Marie Curie

Enrico Fermi

Otto Hahn

Wilhelm Roentgen

Sir Ernest Rutherford
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Figures in Radiation History

(Antoine Henri Becquerel)

 SHAPE 



Henri Becquerel was born into a family of scientists. His grandfather had made important contributions in the field of electrochemistry while his father had investigated the phenomena of fluorescence and phosphorescence. Becquerel not only inherited their interest in science, he also inherited the minerals and compounds studied by his father. And so, upon learning how Wilhelm Röntgen discovered X rays by observing the fluorescence they produced, Becquerel had a ready source of fluorescent materials with which to pursue his own investigations of these mysterious rays. The material Becquerel chose to work with was a double sulfate of uranium and potassium which he exposed to sunlight and placed on photographic plates wrapped in black paper. When developed, the plates revealed an image of the uranium crystals. Becquerel concluded "that the phosphorescent substance in question emits radiation which penetrates paper opaque to light." Initially he believed that the sun's energy was being absorbed by the uranium which then emitted X rays. Further investigation, on the 26th and 27 of February, was delayed because the skies over Paris were overcast and the uranium-covered plates Becquerel intended to expose to the sun were returned to a drawer. On the first of March, he developed the photographic plates expecting only faint images to appear. To his surprise, the images were clear and strong. This meant that the uranium emitted radiation without an external source of energy such as the sun. Becquerel had discovered radioactivity, the spontaneous emission of radiation by a material. Later, Becquerel demonstrated that the radiation emitted by uranium shared certain characteristics with X rays but, unlike X rays, could be deflected by a magnetic field and therefore must consist of charged particles. For his discovery of radioactivity, Becquerel was awarded the1903 Nobel Prize for physics. 

Thanks to the following group for allowing us to reprint this information:

The Health Physics Society
1313 Dolley Madison Blvd., Suite 402
Mclean, Virginia 22101

Tel: 703-790-1745
Fax: 703-790-2672

Figures in Radiation History

(Niels Bohr)

 SHAPE 
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Ernest Rutherford's model of the atom, developed at the turn of the century, pictured negatively charged electrons moving in circular orbits about a positively charged nucleus. Contradictory to electrodynamic theory the electrons did not emit electromagnetic radiation. Niels Bohr provided the explanation by incorporating Max Planck's quantum theory into Rutherford's atomic model. He envisioned specific discrete energy levels (i.e., shells) for the electrons within which they could move yet not emit radiation. Only if the electrons dropped to a lower energy level, or were raised to a higher level, would they emit or absorb electromagnetic radiation. That the energy of the emitted or absorbed radiation must equal the difference between the original and final energy levels of the electrons explained why atoms only absorb certain wavelengths of radiation. To Albert Einstein, Bohr's achievements were "the highest form of musicality in the sphere of thought". In recognition, Bohr received the Nobel Prize in physics in 1922. Later, Louis de Broglie and Erwin Schrödinger described the electron as a standing wave rather than a particle, which "explained" how Bohr's electrons could move about within a defined energy level without emitting radiation. This led Bohr to his famous principle of complementarity, whereby the electron could be interpreted in two mutually exclusive yet equally valid ways: by either the particle or wave models. Later, Bohr hypothesized how an incoming particle could strike a nucleus and create an excited "compound" nucleus. This idea formed the basis for his "liquid drop" model of the nucleus which would provide Lise Meitner and Otto Frisch with the theoretical basis for their explanation of fission. 

Thanks to the following group for allowing us to reprint this information:

The Health Physics Society
1313 Dolley Madison Blvd., Suite 402
Mclean, Virginia 22101

Tel: 703-790-1745
Fax: 703-790-2672

Figures in Radiation History

(Pierre & Marie Curie)
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By the time he met Marie Sklodowska, Pierre Curie had already established an impressive reputation. In 1880, he and his brother Jacques had discovered piezoelectricity whereby physical pressure applied to a crystal resulted in the creation of an electric potential. He had also made important investigations into the phenomenon of magnetism including the identification of a temperature, the curie point, above which a material's magnetic properties disappear. However, shortly after his marriage to Marie in 1895, Pierre subjugated his research to her interests. Together, they began investigating the phenomenon of radioactivity recently discovered in uranium ore. Although the phenomenon was discovered by Henri Becquerel, the term radioactivity was coined by Marie. After chemical extraction of uranium from the ore, Marie noted the residual material to be more "active" than the pure uranium. She concluded that the ore contained, in addition to uranium, new elements that were also radioactive. This led to the discoveries of the elements polonium and radium, but it took four more years of processing tons of ore under oppressive conditions to isolate enough of each element to determine its chemical properties. For their work on radioactivity, the Curies were awarded the 1903 Nobel Prize in physics. Tragically, Pierre was killed three years later in an accident while crossing a street in a rainstorm. Pierre's teaching position at the Sorbonne was given to Marie. Never before had a woman taught there in its 650 year history! Her first lecture began with the very sentence her husband had used to finish his last. In his honor, the 1910 Radiology Congress chose the curie as the basic unit of radioactivity; the quantity of radon in equilibrium with one gram of radium (current definition: 1Ci = 3.7 x 1010 dps). A year later, Marie was awarded the Nobel Prize in chemistry for her discoveries of radium and polonium, thus becoming the first person to receive two Nobel Prizes. For the remainder of her life she tirelessly investigated and promoted the use of radium as a treatment for cancer. Marie Curie died July 4, 1934, overtaken by pernicious anemia no doubt caused by years of overwork and radiation exposure. 

Thanks to the following group for allowing us to reprint this information:

The Health Physics Society
1313 Dolley Madison Blvd., Suite 402
Mclean, Virginia 22101

Tel: 703-790-1745
Fax: 703-790-2672

Figures in Radiation History

(Enrico Fermi)
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Enrico Fermi's first significant accomplishment in nuclear physics was providing a mathematical means for describing the behavior of certain types of subatomic particles, a process concurrently developed by Paul Dirac and which came to be known as Fermi-Dirac statistical mechanics. His next major accomplishment was to successfully explain beta decay by incorporating into the process the production of a new particle which he named the neutrino. Despite the significance of his contributions to theoretical physics, Fermi is best known for his experimental work. When Frédéric and Irène Joliot-Curie first produced artificial radionuclides by bombarding aluminum with alpha particles, Fermi recognized that James Chadwick's recently discovered neutron offered a means to create radionuclides from targets of higher atomic number. In the course of doing so, Fermi noticed that greater activity was induced when the neutron bombardment was performed on a wooden table. He deduced that the neutrons became more effective because they slowed down after being scattered by the wood. He also recognized that neutron bombardment of uranium had the potential to produce a new class of elements, referred to as the transuranics. For his discovery of new radioactive elements and his work with slow neutrons, Fermi was awarded the 1938 Nobel Prize in physics. However, unknown to Fermi and the Nobel Prize Committee, the "new elements" Fermi characterized (with one exception) weren't new at all, they were fission products, i.e., radioisotopes of known elements produced by splitting uranium. Shortly after receiving his Nobel Prize, Fermi left Italy to join the faculty of Columbia University in the United States. Here he supervised a series of experiments that culminated in construction of the CP-1 Pile, the first controlled self-sustaining nuclear chain reaction. This momentous event took place in a squash court under the west stands of Stagg Field at the University of Chicago on December 2, 1942. Fermi thus became the first to control nuclear fission, the very process that in 1934 had led him to the false conclusion that he had discovered the transuranic elements! 

Thanks to the following group for allowing us to reprint this information:

The Health Physics Society
1313 Dolley Madison Blvd., Suite 402
Mclean, Virginia 22101

Tel: 703-790-1745
Fax: 703-790-2672
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Figures in Radiation History

(Otto Hahn)
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Otto Hahn was the chemist whose discovery of nuclear fission ultimately led to the ending of WW II. The story of Hahn's discovery began in 1938 with a report by Irène Joliot-Curie that bombarding uranium with neutrons had resulted in the production of a radionuclide of thorium, which they later speculated was a transuranium element similar to lanthanum. The astounded Hahn told Irène's husband, Frédéric, that such a thing was nonsense and that he would perform an experiment to prove as much. In the process of duplicating her work, Hahn and co-worker Fritz Strassmann discovered that, among other things, three isotopes of barium had been produced. This was incredible because the mass of barium is about half that of uranium. No known reaction could explain such a huge change. When they published their results (Jan. 6, 1939) Hahn and Strassmann noted that such a thing was "in opposition to all the phenomena observed up to the present in nuclear physics." Hahn, conscious of the fact that as a chemist he was treading in the domain of physics, did not offer an explanation. Instead, he left it up to Lise Meitner, his longtime collaborator, to whom he had sent a letter (December 19, 1938) describing his findings and asking "Perhaps you can suggest some fantastic explanation," which she explained as nuclear fission. Nevertheless, despite the contributions of Strassmann and Meitner, it was Hahn who was awarded the 1944 Nobel Prize in chemistry for the discovery. Unfortunately, Hahn was not at the awards ceremony to receive his prize. At the time he learned of the award, he was being held by the British who were seeking information from him about the failed German effort to develop an atomic bomb. As the Chairman of the Nobel Committee for Chemistry reported "Professor Hahn . . . has informed us that he is regrettably unable to attend this ceremony." 

Thanks to the following group for allowing us to reprint this information:

The Health Physics Society
1313 Dolley Madison Blvd., Suite 402
Mclean, Virginia 22101

Tel: 703-790-1745
Fax: 703-790-2672

Figures in Radiation History

(Lise Meitner)

 SHAPE 



[image: image21.png]


Lise Meitner, forever linked in people's minds with the monumental discovery of nuclear fission, made many significant contributions to science throughout a long and productive career. Upon receiving a doctorate in physics in 1906, Meitner went to the University of Berlin where she began her collaborations with Otto Hahn. The first significant result of this collaboration was an important technique for purifying radioactive material that took advantage of the recoil energy of atoms produced in alpha decay. Later, at the Kaiser Wilhelm Institute in Austria, she was the first to explain how conversion electrons were produced when gamma ray energy was used to eject orbital electrons. She also provided the first description of the origin of auger electrons, i.e., outer-shell orbital electrons ejected from the atom when they absorbed the energy released by other electrons falling to lower energies. When Nazi Germany annexed Austria in 1938, Meitner, a Jew, fled to Sweden. In her absence, Hahn and Fritz Strassmann continued experiments they had begun earlier with Meitner and demonstrated that barium was produced when a uranium nucleus was struck by neutrons. This was absolutely startling because barium is so much smaller than uranium! Hahn wrote to Meitner, "it [uranium] can't really break up into barium . . . try to think of some other possible explanation." While visiting her nephew Otto Frisch for the Christmas holidays in Denmark, she and Frisch proved that a splitting of the uranium atom was energetically feasible. They employed Niels Bohr's model of the nucleus to envision the neutron inducing oscillations in the uranium nucleus. Occasionally the oscillating nucleus would stretch out into the shape of a dumbbell. Sometimes, the repulsive forces between the protons in the two bulbous ends would cause the narrow waist joining them to pinch off and leave two nuclei where before there had been one. Meitner and Frisch described the process in a landmark letter to the journal Nature with a term borrowed from biology: fission. 

Thanks to the following group for allowing us to reprint this information:

The Health Physics Society
1313 Dolley Madison Blvd., Suite 402
Mclean, Virginia 22101

Tel: 703-790-1745
Fax: 703-790-2672

Figures in Radiation History

(Wilhelm Conrad Röntgen)
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On November 8, 1895, at the University of Würzburg, Wilhelm Röntgen's attention was drawn to a glowing fluorescent screen on a nearby table. Röntgen immediately determined that the fluorescence was caused by invisible rays originating from the partially evacuated glass Hittorf-Crookes tube he was using to study cathode rays (i.e., electrons). Surprisingly, these mysterious rays penetrated the opaque black paper wrapped around the tube. Röntgen had discovered X rays, a momentous event that instantly revolutionized the field of physics and medicine. However, prior to his first formal correspondence to the University Physical-Medical Society, Röntgen spent two months thoroughly investigating the properties of X rays. Silvanus Thompson complained that Röntgen left "little for others to do beyond elaborating his work." For his discovery, Röntgen received the first Nobel Prize in physics in 1901. When later asked what his thoughts were at the moment of his discovery, he replied "I didn't think, I investigated." It was the crowning achievement in a career beset by more than its share of difficulties. As a student in Holland, Röntgen was expelled from the Utrecht Technical School for a prank committed by another student. Even after receiving a doctorate, his lack of a diploma initially prevented him from obtaining a position at the University of Würzburg. He even was accused of having stolen the discovery of X rays by those who failed to observe them. Nevertheless, Röntgen was a brilliant experimentalist who never sought honors or financial profit for his research. He rejected a title (i.e., von Röntgen) that would have provided entry into the German nobility, and donated the money he received from the Nobel Prize to his University. Röntgen did accept the honorary degree of Doctor of Medicine offered to him by the medical faculty of his own University of Würzburg. However, he refused to take out any patents in order that the world could freely benefit from his work. At the time of his death, Röntgen was nearly bankrupt from the inflation that followed WW I. 

Thanks to the following group for allowing us to reprint this information:

The Health Physics Society
1313 Dolley Madison Blvd., Suite 402
Mclean, Virginia 22101

Tel: 703-790-1745
Fax: 703-790-2672
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Figures in Radiation History

(Ernest Rutherford)

Ernest Rutherford is considered the father of nuclear physics. Indeed, it could be said that Rutherford invented the very language to describe the theoretical concepts of the atom and the phenomenon of radioactivity. Particles named and characterized by him include the alpha particle, beta particle and proton. Even the neutron, discovered by James Chadwick, owes its name to Rutherford. The exponential equation used to calculate the decay of radioactive substances was first employed for that purpose by Rutherford and he was the first to elucidate the related concepts of the half-life and decay constant. With Frederick Soddy at McGill University, Rutherford showed that elements such as uranium and thorium became different elements (i.e. transmuted) through the process of radioactive decay. At the time, such an incredible idea was not to be mentioned in polite company: it belonged to the realm of alchemy, not science. For this work, Rutherford won the 1908 Nobel Prize in chemistry. In 1909, now at the University of Manchester, Rutherford was bombarding a thin gold foil with alpha particles when he noticed that although almost all of them went through the gold, one in eight thousand would "bounce" (i.e. scatter) back. The amazed Rutherford commented that it was "as if you fired a 15-inch naval shell at a piece of tissue paper and the shell came right back and hit you." From this simple observation, Rutherford concluded that the atom's mass must be concentrated in a small positively-charged nucleus while the electrons inhabit the farthest reaches of the atom. Although this planetary model of the atom has been greatly refined over the years, it remains as valid today as when it was originally formulated by Rutherford. In 1919, Rutherford returned to Cambridge to become director of the Cavendish Laboratory where he had previously done his graduate work under J.J. Thomson. It was here that he made his final major achievement, the artificial alteration of nuclear and atomic structure. By bombarding nitrogen with alpha particles, Rutherford demonstrated the production of a different element, oxygen. "Playing with marbles" is what he called it; the newspapers reported that Rutherford had "split the atom." After his death in 1937, Rutherford's remains were buried in Westminster Abbey near those of Sir Isaac Newton. 

Thanks to the following group for allowing us to reprint this information:

The Health Physics Society
1313 Dolley Madison Blvd., Suite 402
Mclean, Virginia 22101

Tel: 703-790-1745
Fax: 703-790-2672

ATOMS Terms

ALARA

Albert Einstein

Alpha Particle

ANS

Atom

Atomic Number

Atomic Weight

Background Radiation

Beta Particle

Boy Scouts

BWR

Boron

Chain Reaction

Control Rod

Curie

Deuterium

Dosimeter

Enrico Fermi

Fallout

Fission

Fusion

Gamma

Geiger Counter

Half-life

Henri Becquerel

Hydrogen

Ionization

Isotope

Lise Meitner

Marie Curie

Moderator

Neutron

Neutron Activation

Neutron Radiography

Niels Bohr

Nuclear Energy

Nuclear Regulatory Commission

Otto Hahn

Particle Accelerator

PWR
Radiation

Radioactivity

Radura Symbol

Roentgen

Scram

Shielding

Sir Ernest Rutherford

Tritium

Uranium 235

Uranium 238

Wilhelm Roentgen

X-ray

Yucca Mountain
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Cloud Chamber Tracks

Cloud chambers detect the paths taken by ionizing radiation. Much like the vapor trail of a jet airplane, the tracks in a cloud chamber mark where ionizing radiation has been traveling. The radiation itself is not visible. One source of ionizing radiation is radioactive materials. The easiest tracks to see are made by alpha radiation. When first formed they are unmistakable nearly straight lines, 1 to 5 cm long, but they quickly drift, become crooked and evaporate (or condense on the bottom of the can).

1) Where do the tracks seem to be coming from?

2) Do all the tracks have the same length?

3) Make careful (accurate) sketches of the overall pattern of the tracks.


Figure 1: Diagram of Tracks in Cloud Chambers

4) Why are the tracks visible only near the bottom of the chamber?

5) What actually are the tracks? What is it that your eyes actually see? Are they

radiation? Is a single alpha particle by itself visible?

Copyright 1995 Jay W. Shelton. Teachers may copy for use in their own classrooms. Comments welcome.

Jay Shelton, Rt. 7 Box 124JK, Santa Fe, NM, 87505 jayshelton@aol.com FAX 505 986 8079

EFFECT OF DISTANCE ON RADIATION FIELDS

EXPERIMENT

Purpose: This laboratory exercise allows you to determine the relationship between radiation field intensity and the distance from the radiation source.

Equipment: G-M tube with source support attachment, scalar button sources (α, β, γ).

Introduction: Not all radiation emitted by a radioactive source is detected by a G-M

tube. The electronics of the system is one factor that determines the fraction of radiation detected. Another factor is the direction in which the radiation is emitted. Since the source emits radiation in all directions, not all of the radiation is directed toward the tube and hence cannot be detected. As the distance between source and the tube increases another factor, distance, further decreases the amount of radiation that can strike the G-M tube. It is sometimes convenient to take advantage of this change in activity with distance by moving less active samples toward the tube and by moving samples, which are too

active away from the tube in order to obtain a suitable counting rate.

Procedure:

1. Warm up your counting equipment. Check the operating voltage. Set the timer for 30 seconds.

2. Take a 30 second background count and record the background

3. Using the triceps or olive pickers, place the alpha (red) source on the holder. Take 30 second counts on the first four selves of the source support attachment. Subtract the background radiation from each of your readings. Record the number obtained in the table below.

4. Repeat step 2 for the beta (orange) and gamma (green) sources.

Table 1: Counts at different shelf heights

	
	Alpha (Red)
	Beta (Orange)
	Gamma (Green)

	Background
	
	
	

	Shelf 1
	
	
	

	Shelf 2
	
	
	

	Shelf 3
	
	
	

	Shelf 4
	
	
	


Effect of Distance on Radiation Fields

LABORATORY EXERCISE QUESTIONS

1. As the distance from the alpha radiation source increases, the amount of

radiation reaching the G-M tube:

a. Increases

b. Decreases

c. Does not change

2. As the distance from the beta radiation source increases, the amount of radiation reaching the G-M tube:

a. Increases

b. Decreases

c. Does not change

3. As the distance from the gamma radiation source increases, the amount of radiation reaching the G-M tube:

a. Increases

b. Decreases

c. Does not change

4. For any radiation source, the greater the distance between you and the radiation source:

a. The more radiation exposure you will receive

b. The less radiation exposure you will receive

c. Your distance from the radiation source has no effect on your total radiation exposure

RADIATION ABSORPTION AND SHIELDING

EXPERIMENT

Purpose: This experiment is designed to allow you to determine the effect of various absorbing materials on three types of basic ionizing radiation: alpha (α), beta (β) and gamma (γ).

Equipment: G-M tube and scalar, button sources (α, β, γ), absorbers.

Introduction: Radiation from a source can be shielded. The absorption of certain kind of radiation is dependent upon the type and thickness of the absorbing material and the kind of radiation being absorbed. In this experiment, by placing various materials of different thicknesses in between the source and the detector, we try to determine how each type of radiation (alpha, beta and gamma) penetrates these materials.

Procedure:

1. Warm up your counting equipment. Check the operating voltage. Set the timer for 30 seconds.

2. Place a source on the holder and insert the holder into the second shelf

position from the top of the tube stand. Start the scalar. When the scalar stops, record the number obtained in Table 2.. This will be the activity for the source with a shielding of air.

3. Insert the first of the absorbers between the source and the G-M tube and take a 30 second count. Record this number in Table 2. Be sure to note what you used as a shield. 

4. Compare the number obtained in Step 3 with that of Step 2. If the numbers are significantly different (shielded reading close to background), then the radiation has been absorbed and there is no further need to introduce a  different absorber. However, if the radiation has been absorbed, then proceed with thicker absorbers until the radiation has been absorbed or the supply of absorbers has been exhausted. Be sure to try different types of absorbers. It is recommended to start with the thinner, less dense absorbers (paper) and move to thicker and denser absorbers (plastic and lead).

TABLE 2

RADIATION ABSORPTION AND SHIELDING

	
	Alpha (Red)
	Beta (Orange)
	Gamma (Green)

	Air
	
	
	

	Plastic
	
	
	

	Paper
	
	
	

	Aluminum
	
	
	

	Lead
	
	
	


Radiation Absorption and Shielding

LABORATORY EXERCISE QUESTIONS

1. Which type of radiation is the most penetrating?


a) Alpha


b) Beta


c) Gamma


2. Which type of radiation is the least penetrating?


a) Alpha


b) Beta


c) Gamma

3. What materials shield alpha radiation?


a) air 





d)lead


b) plastic




e) aluminum


c)  paper

4. What materials shield beta radiation?


a) air 





d)lead


b) plastic




e) aluminum


c)  paper

5. What materials shield gamma radiation?


a) air 





d)lead


b) plastic




e) aluminum


c)  paper

Radiation Hunt Work Sheet

1) List 3 items that were tested and are radioactive

1.

2.

3.

2) How can you determine if something is radioactive

3) List 2 items that have been irradiated

1.

2.

4) Write down the 3 sentences formed by tracing the radioactive path  

1.

2.

3.

5) Indicate which of the plates at station 3 have radioactive articles hidden underneath by writing yes or no in each circle below.
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Would you know if an alpha source was hidden beneath the plate? Why?

6) Can you think of other applications in medicine, research, agriculture, or

industry.

Penn State American Nuclear Society

336A Reber Building 

University Park PA 16802

Fall, 2002

Dear BSA Troop Leader,

The Penn State American Nuclear Society Student Chapter has a great program for you. We would like to work with Pennsylvania BSA troops to help Boy Scouts earn the Atomic Energy Merit Badge.  Part of our Society mission involves a commitment to public education on nuclear issues.  We feel that our knowledge of such issues combined with the availability of the PSU nuclear reactor facilities places us in a prime position to offer valuable educational resources to the community.  In an effort to put these resources to use, we are offering a Saturday workshop on February 8, 2002, from 8:30 a.m. until about 3:30 p.m.  During this Merit Badge workshop the attending scouts would (1) learn terminology and other facts concerning nuclear power, (2) have access to various equipment to complete some technical requirements of the badge, and (3) conclude the day with a tour of the operating reactor facility, all at Penn State main campus.

The badge requirements, taken directly from the BSA pamphlet, are listed on the next pages.   We encourage scouts attending the workshop to review the first five requirements on their own, as these will be reviewed in one of the information sessions. These requirements however, will be met during the workshop. Unlike years past, all requirements well be completed during the session.

The sixth requirement is for a Scout to choose three activities from a list of ten.  Of these ten, the ANS will offer a means to complete those designated by an asterisk (*) in the list.  These particular activities require materials that may be difficult for a Scout to obtain on his own, such as a Geiger counter and radioactive sources.  Two other items on this list are marked with a number sign (#).  These activities require the scout to build something that could be completed prior to the Saturday session and again brought to us for approval by BSA-approved counselors.  We would also provide for the use of a radioactive source for the electroscope activity.

The final page of this letter is a registration form that we require be returned by the dates indicated.  In addition to pre-registration for the session, we ask that a $7.50 fee be included for each Scout.  This money will be used to pay for any consumable items for the Scouts. This fee will also include a light breakfast and pizza for lunch.  If you wish to bring additional food you may.  

Boys are welcome to attend the session independently or with their troops. Troop participation is strongly encouraged and any groups of three or more are required to have an adult escort for the day.  Our space is somewhat limited, so we have limited the numbers of scouts to 40. We suggest you register as soon as possible.  We have run two very successful workshops during the past two years and for each one we had more requests for registration than we had room for the boys! If you plan on registering your troop please email us the number of scouts you would like to send ASAP prior to sending the registration form and fee. This will ensure that your scouts are accounted for if registration should fill quickly.

We look forward to working with the Boy Scouts to help them learn more about nuclear issues while completing work on a very challenging merit badge.  If you would like more information, don't hesitate to contact me through any of the means listed below.

Sincerely,









Craig Matos






Penn State American Nuclear Society

The Pennsylvania State University

336A Reber Building

University Park PA 16802

Contact information:

Craig Matos







The Dorchester
           


600 West College Ave.

Apt. 201



 Email:  chm125@psu.edu

University Park, PA  16801


814 - 272 - 1960

ANS President

Kaydee Kohlhepp                           Email: Kaydee@psu.edu

336A Reber 

University Park PA 16802

814-591-2485


Atomic Energy Merit Badge Requirements

_____1. Tell the meaning of the following: alpha particle, atom, 



background radiation, beta particle, curie, fallout, half-life, 



ionization, isotope, neutron activation, nuclear reactor, particle 


accelerator, radiation, radioactivity, roentgen, and x-ray.

_____2. Make a drawing showing how nuclear fission happens.  Label all details.  Draw a second picture showing how a chain reaction could be started.  Also show how it could be stopped.  Show what is meant by a "critical mass."

_____3. Tell who five of the following people were: explain what each of 


the five discovered in the field of atomic energy: Henri Becquerel, 


Niels Bohr, Marie Curie, Albert Einstein, Enrico Fermi, Otto Hahn, 


Ernest Lawrence, Lise Meitner, Wilhelm Roentgen, and Sir Ernest 


Rutherford.  Explain how any one person's discovery was related to 


one other person's work.

_____4. Draw and color the radiation hazard symbol.  Explain where it 


should be used and not used.  Tell why and how people must use 


radiation or radioactive materials carefully.

__*___5. Make three-dimensional models of the atoms of the three isotopes of hydrogen.  Show neutrons, protons, and electrons.  Use these models to explain the difference between atomic weight and number.

6. Do any three of the following:

   #   a. Build an electroscope.  Show how it works.  Put a radiation source 

inside it.  Explain any difference seen.

         b. Make a simple Geiger counter.  Tell the parts.  Tell which types of 

radiation the counter can spot.  Tell how many counts per minute 


there are of the radiation you have found in your home.

   #    c. Build a model of a reactor.  Show the fuel, the control rods, the 


shielding, the moderator, and any cooling material.  Explain how a 


reactor could be used to change nuclear energy into electrical 


energy.

   *    d. Use a Geiger counter and a radiation source.  Show how the counts-per-minute change as the source gets closer.  Put three different kinds of material between the source and the detector.  Explain any differences in the counts per minute.  Tell which is the best way to shield people from radiation and why.

         e. Use fast-speed film and a radiation source.  Show the principles 


of autoradiography and radiography.  Explain what happened to the 


films.  Tell how someone could use this in medicine, research, or 


industry.

   *    f. Using a Geiger counter (that you have built or borrowed), find a radiation source that has been hidden under a covering.  Find it in at least three other places under the cover.  Explain how someone could use this in medicine, research, agriculture, or industry.

         g. Visit a place where X ray is used.  Draw a floor plan of the room in which it is used.  Show where the unit, the person who runs it, and the patient would be when it is used.  Describe the radiation dangers from X ray.

   *    h. Make a cloud chamber.  Show how it can be used to see the tracks caused by radiation.  Explain what is happening.

         i. Visit a place where radioisotopes are being used.  Explain by a 


drawing how and why it is used.

   *    j. Get samples of irradiated seeds.  Plant them.  Plant a group of 


non-irradiated seeds of the same kind.  Grow both groups.  List any 


differences.  Discuss what irradiation does to seeds.

Registration Form

For PSU ANS Atomic Merit Badge

Troop # ________

Contact Person:   _______________________


Address:         _______________________


                       _______________________


Phone:           ________________________


Email:            ________________________

Names and Address

of Scout(s) attending*
                           ______________________________

                                                     
______________________________



______________________________



______________________________



______________________________



______________________________



______________________________



______________________________



______________________________



______________________________



______________________________



______________________________



______________________________



______________________________

Names and Address of attending adults
______________________________


(required for groups of more
______________________________


than three scouts)*
______________________________

*For security reasons we need each persons complete permanent home address prior to the workshop

The 2002 Spring Saturday workshop will be held on Febuary 8 from 8:30 am to approximately 3:30 pm.  Registration forms and $7.50 per Boy Scout are needed to confirm registration.  Checks can be made payable to "Penn State American Nuclear Society".
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