
Welcome To RadTown USA 
 

 

•Click to Explore RadTown USA 
 

• Click on any location in RadTown USA and find out about 
radiation sources or uses at that location. 

 

http://www.epa.gov/radtown/enter-radtown.html
http://www.epa.gov/radtown/enter-radtown.html
http://www.epa.gov/radtown/enter-radtown.html
http://www.epa.gov/radtown/enter-radtown.html




Fundamentals of 
Ionizing Radiation 

 

The Alpha, Beta, Gammas of  
Nuclear Education  
March 2nd, 2014 

Debra N Thrall, PhD 
Executive Director 

Albert I Pierce Foundation 

 

 



Radiation Fundamentals 

What is radiation? 

Where does it come 
from? 

How does it interact with 
matter? 

What is radioactivity? 

What are fission and 
fusion? 

How are radiation and 
radioactivity quantified? 



Do you think of these “people” 
when I say RADIATION? 

http://www.marvel.com/universe/Image:Spidey_hed.jpg


Do you think of these things as well? 

• Food 

• Space 

• Utilities 

• Consumer Products 

• Medicine 



Brief History of the Atom 

• 500 BC  Democritus Atom 

• Long time (Romans  Dark Ages) 

• 1808 AD  Dalton  Plum Pudding 

• 1911  Rutherford Nucleus 

• 1913  Bohr   Orbits 

• 1920’s  Many People Quantum Mechanics 

 

 

 

 



Rutherford’s Gold Foil Experiment 



The Design 

1. Bombard positively charged alpha 
particles into thin gold foil. 

 

2. Use fluorescent screen to detect particles 
as they exit the gold foil. 

 

3. Use angle of deflection to determine 
interior of the atom.  





So, What is an Atom? 

• Atoms are made up of protons, neutrons & 
electrons 

 

•    Protons: + charge   p+  

•    Neutrons: no charge  n0 

•    Electrons: - charge  e- 

 

 

• Atoms want to have a stable energy level 

•    This translates to having no net charge 

•    # protons = # electrons 

 



Mass of an Atom 

• Masses 
•    Proton:  1.000000 amu 
•    Neutron:  1.000000 amu 
•    Electron:  0.000549 amu 

 
(Translates to 1.2 lbs/1 ton ~ a kitten on an elephant!) 
 
 

• The mass of an atom is approximately due to the mass 
of the protons and neutrons 

 

 

• Mass  atom  =  number p+  +  number n0    



Atomic Structure of Helium 

 THE HELIUM  

 ATOM 
       

e- 
n 

e- 
p+ 

n 

p+ 

HELIUM’S 
SUBATOMIC 

COMPOSITION 

• 2 Protons 

• 2 Neutrons 

• 2 Electrons 



Isotopes – Defined  

• Isotopes are  elements with different amounts of 

neutrons 

• The number of protons is identical 

• They have similar properties 

• There are stable and unstable versions of atoms 

• They are naturally occurring & man made 

 

 
 



Examples of Isotopes  

• H-1 Hydrogen 1 proton 0 neutron 

 

• H-2 Deuterium 1 proton 1 neutron 

• Heavy hydrogen   

 

• H-3 Tritium  1 proton 2 neutrons 
 

 



is the total number of 
protons and neutrons 

is the number of protons 

n 
Neutrons have a large 

mass approximately 

equal to a proton’s mass.  

Neutrons have no 

charge. 

p+ 

Protons have a large 

mass and a positive 

charge.  The number of 

protons identifies an 

element. 

Electrons have a very 

small mass and a 

negative charge.  

Electrons travel outside 

the nucleus. 

e- 

More on atomic structure . . .  





Predict 

Radioactivity 

of an Isotope 

 

Stable Isotopes 

have a specific 

ratio of neutrons 

to protons. 

 

Unstable Isotopes 

which are 

radioactive fall 

outside the ‘stable 

zone’ of neutron to 

proton ratios.  



Chart of the Nuclides 
 



http://rsh.nst.pku.edu.cn/nuclide/picture/chart1.map


100 Years of Radiation Discovery 

Wilhelm Roentgen 

Discovered the X-ray 

Nov. 8, 1895 

Henri Becquerel 

Discovered radioactivity 

1896 



100 Years of Radiation Discovery 

Pierre & Marie Curie 

Discovered Radium 

Coined the term, 

radioactivity 

Ernest Rutherford 

Father of Nuclear Physics 

Named and Categorized: 

Proton; Alpha, Beta Particle 



100 Years of Radiation Discovery 

Albert Einstein 
Theory of Relativity led to 

new ideas about space, 

time, matter, energy, gravity 

Ernest Rutherford 

Discovered Nuclear Fission 

1939 



100 Years of Radiation Discovery 

Enrico Fermi 
Produced the first man-made, 

self-sustaining nuclear chain 

reaction with his team on 

Dec. 2, 1942 

Glenn Seaborg 

Discovered Plutonium 

1941 



NM and AZ have a long and 
diverse past with the nuclear 
industry.   
 

They are almost synonymous with 
nuclear and the nuclear industry.  
 

Nuclear research, mining and miling 

have changed the face of these states 

completely and irreversibly.  



NM is considered to be the  
birthplace of the atomic bomb. 

In 1943  - J. Robert Oppenheimer 
moved the Manhattan Project to Los 
Alamos, New Mexico which resulted 
in the creation of the Los Alamos 
National Laboratory 



•“The critical requirement for a site 
for an atomic bomb design 
laboratory was enhanced security.  

 

•Such a site needed to be safe from 
bombing by enemy aircraft and 
equally safe from curious citizens.” 

Why White Sands, New Mexico? 



Trinity Test Site 

July 16th, 1945 

Above: Bomb Detonation 
Top Middle: “The Gadget” 
Bottom Middle: Trinitite  
Right: Bomb Drop Tower 

http://images.google.com/imgres?imgurl=http://www.cdc.gov/niosh/oerp/images/2001-133h-2.jpg&imgrefurl=http://www.cdc.gov/niosh/oerp/previous.html&usg=__K3K40kJvg9sa-Kq5E1HCpQq5JZA=&h=239&w=300&sz=15&hl=en&start=37&um=1&tbnid=qtybPHdRPzx4jM:&tbnh=92&tbnw=116&prev=/images?q%3DTrinity%2Btest%2Bsite%26gbv%3D2%26ndsp%3D21%26hl%3Den%26safe%3Dactive%26sa%3DN%26start%3D21%26um%3D1
http://images.google.com/imgres?imgurl=http://trinititesite.com/images/trn25.JPG&imgrefurl=http://trinititesite.com/&usg=__jhPnlDodnkOqGIKuS3V6UDeVlS8=&h=504&w=672&sz=319&hl=en&start=41&um=1&tbnid=hHKTeAHPy-zcKM:&tbnh=104&tbnw=138&prev=/images?q%3DTrinity%2Btest%2Bsite%26gbv%3D2%26ndsp%3D21%26hl%3Den%26safe%3Dactive%26sa%3DN%26start%3D21%26um%3D1


August 1945  
  

•Little Boy and Fat Man, dropped on 
Hiroshima and Nagasaki  

 
•Sandia National Laboratories’ 
forerunner, known as Z Division on 
Sandia Base established as a site 
convenient to Los Alamos to 
continue weapon development. 

 



Some members of the 
public seem to equate 

anything nuclear with the 
concept of nuclear 

weapons.  
 



Mass Paranoia  

•Mass fear of Nuclear holocaust 

•Fall out shelters constructed and bomb 

drills conducted – DUCK AND COVER! 

 

 



 When Trinity was detonated it was the 
bang of a starting gun for B-movie 
makers everywhere! 

  They saw visions of mutants, plagues, 
nuclear holocaust, empty cities 
covered in gray ash; and mushroom 
clouds rising like dollar signs on the 
screens of drive-ins everywhere. 



Some 







 







Where Does Radiation Come From? 

Nuclear Decay - Radioactivity 

Atomic Processes - X-rays 

Nuclear Reactions 

Fission 

Fusion 

Others 



Background Radiation Sources 

RADON 

NATURAL MANMADE 

CONSUMER PRODUCTS 

MEDICAL 

INTERNAL 

TERRESTRIAL 

COSMIC 

ATMOSPHERIC TESTING 

INDUSTRIAL 





What is Radiation? 

Radiation = Energy in transit 

…The transfer of energy by waves or particles 

 Ionizing Radiation: Has sufficient energy 

to produce energetic ions in ordinary 

matter 
…must result in the production of charged particles 

and eventual absorption of their kinetic energy 

 Non-Ionizing Radiation: Does not 

produce energetic ions 

Alpha and Beta particles, Gamma & X-rays, 

Neutrons 

Radio, Microwaves, UV, IR, Visible 

 



Nuclear Reactions - Fission 

Neutron induced in U235 

Products: 

•  Energy 
~  200 MeV 

•  Fission Products 

– Radioactive 

•  Neutrons   

– 2.47 per fission  



http://4.bp.blogspot.com/_woCeCtDfsdA/SxV0P2GZUVI/AAAAAAAAAAc/3kI5HPSio7E/s1600/reaction.jpg


Types of Radiation 

Ionizing 
 

Alpha 

Beta 

Gamma 

X-Rays 

Neutrons 

Non-Ionizing 
 

Radiowaves 

Microwaves 

Infrared 

Ultraviolet 

Visible Light 



Electromagnetic Spectrum 

Particles can also be described by a wave function! 



Why is it called ionizing? 

Because it creates ions --

atoms with a charge. 

Ionizing Radiation 

Ejected Electron 
Neutrons 

and Protons 



Radiation Types 

Alpha () 

2 protons, 2 neutrons 

positively charged particle 
n 

p+ 
n 

p+ 

Beta () 

like an electron 

negatively charged particle 

- 

Gamma () 

Wave energy (not a particle) 

 

 



Radioactivity:  α Decay 

Alpha Particle 

(Helium Nucleus) 

Parent Nucleus 

Ra-226 

Daughter Nucleus 

Rn-222 






A-4 
Y + 

A 
X 

z Z-2 

Alpha tracks in a 

cloud chamber 



Alpha Radiation () 

Characteristics 
Particle, Large Mass, 

+2 Charge 

Range 
Very Short 

1 - 2” in air 

Shielding 
Paper 

Outer layer of skin 

Hazards Internal 

Sources 
Plutonium, Uranium, 

Americium 



Uses of Alpha Radiation 

• Pacemakers  

   (Older models) 

• Airplanes 

• Copy Machines 

• Smoke Detectors 

• Space exploration 

  



Radioactivity:  - Decay 



-
Parent Nucleus 

Cobalt -60 

Daughter Nucleus 

Nickel-60 

Beta Particle 

   (electron) 

Antineutrino 

A 
Y + -

A 
X z Z+1 



Beta Radiation () 

Particle, Small Mass, 

-1 Charge 
Characteristics 

Range 
 

12ft / MeV in air 

 

Shielding 
Plastic, glass, 

aluminum, wood 

Hazards 
Internal and the 

skin and eyes 

Sources 
Tritium, Sr-90, 

Fission products  



Beta Radiation is used 
in thickness gauging 

  

The thicker the material the less radiation 

will pass through the material. 



Gamma Emission 

Gamma 

Rays 

Parent Nucleus 

Cobalt-60 

(Beta decay) 

Daughter Nucleus 

Nickel-60 

-



Gamma Rays () and X-Rays 

Characteristics 
No electromagnetic 

mass, no charge 

Range 

 

Hundreds of feet 

in air 

 

Shielding 
Lead, Steel 

Concrete 

Sources Co-60, Kr-88, Cs-137 

Hazards 
External Source 

Whole Body 

 Penetrating 



Uses for Gamma Radiation: 

• Food irradiation 

• Sterilization of medical equipment 

• Creation of different varieties of flowers 

• Inspect bridges, vessel welds and Statue Of Liberty. 



RADIOACTIVE DECAY REACTIONS 

ALPHA DECAY 

 238 

92 
U 

234 

90 Th  + 
4 

2 


3

90

Th 3

91

Pa  +  
0

-1
+ 

BETA DECAY 

137m 

56
Ba 

137

56
Ba  + 

GAMMA DECAY 



Radioactive Half-life 



Half-Life 



Half Life 







HOW RADIATION AFFECTS YOUR BRAIN 



+ 

+ 

alpha 

Radiation Interaction and 
Penetration Through Matter 

alpha 

beta 

gamma 

neutron 

High charge, dense ionization, short path 

Less charge than alpha, longer, erratic path 

No charge or mass, much less interaction 

No charge, interacts by nuclear scattering 

- 



Cell Damage 



Direct vs. Indirect Ionization 

•Direct 

 Radiation that ejects orbital electrons from 
absorber atoms like charged particles 
(alphas and betas) 

 

• Indirect 

  Transfer energy to charged particles 
(protons/electrons) of the absorber atoms, 
like neutrons and gamma rays. 

 

 



Ionizing radiation 

induces:  

 

•Direct DNA 

damage 

 

•Indirect damage 

through the 

radiolysis of water 

©2005 by National Academy of Sciences 



Sensitivity of Cells 

Lymphocytes                         MOST SENSITIVE                               

Spermatogonia 

Hematopoietic (Blood Forming) 

 Intestinal Epithelium 

Skin 

Nerve Cells 

Muscle Tissue 

Bone 

Collagen                         LEAST SENSITIVE 



Radioactive Contamination 

• It is not like a spreading contagion  

 (think of a flashlight) 

• Can be solid, liquid, or gaseous 

• In solid form can be thought of as 

dust or dirt 



Radioactive  

Contamination Types 

 

 

External 

Secondary  

   contamination 

Primarily skin 

    and wounds  

 

Internal 

Can be difficult 

    to remove 

Ingestion and 

    Inhalation 

 



Nuclear Decay - Radioactivity 

Radioactivity:  The spontaneous transformation 
(“decay”) of unstable nuclei, resulting in a more 
stable “daughter”, accompanied by emission of 
ionizing radiation 

 

Radioactive Material: A substance that contains 
unstable atoms, and therefore emits ionizing 
radiation 

 

Radioisotope (radionuclide):  An unstable, 
radioactive isotope of an element.  Well over 
2000 radioisotopes have been identified. 



Manure Analogy 



Units of Radioactivity 

 Activity: The quantity of radioactive material  
  decaying per unit time 

 

– Curie (Ci) :                  3.7x1010   disintegration per  
                                                         second (dps) 
 
 

– Becquerel  (Bq):                      1     dps 

 
 

 Specific Activity:  The amount of radioactivity in a given 
mass or volume - e.g. Ci/liter or Ci/gram 

  

 

Note: Activity is the number of atoms decaying, not the number of 
atoms present. 



Exposure 

•Radiation = Energy  
Contamination = Material 

 

•Radioactive contamination emits radiation 

 

•Exposure to radiation will NOT contaminate 
you 



Units for Exposure and Dose 

 Exposure (X):  Generically, exposure is the condition of being 

exposed.  Exposure is also used to quantify the amount of ionization 

produced by photons as they pass through air. The unit of exposure 

is the Roentgen (R).  

    1R = 1 esu/cc   in air 

 

 Absorbed Dose (D):  Absorbed dose is the amount of energy 

deposited in any material by ionizing radiation. The unit of absorbed 

dose used in the U.S., the rad, is a measure of energy absorbed per 

gram of material. The S.I. unit is the Gray (Gy). One Gray equals 100 

rad. 

  1Gy = 1 J/kg   in any material 

 

 Dose Equivalent (H): A special concept relating absorbed 

dose to biological detriment.  In the U.S. the unit is the rem.  The S.I. 

unit is the Sievert (Sv).  One Sievert equals 100 rem. 

   

 



Relative Risk: Equivalencies to 1 mrem 

•Crossing a street 5 times 

•A few puffs on one cigarette 

•Being 0.0007 ounce overweight 

•Driving 5 miles 

•Getting out of bed every morning for a year 

•3 minutes of living if you are 65 years old 

•Using a bathtub for a few months  



Radiation Reduction 

•Guiding principle:  ALARA  

    (as low as reasonably achievable) 

 

•Restrict Proximity TIME 

 

•Increase the DISTANCE  from the 

Source 

 

•Use SHIELDING  Material 

 

 

 



Human Experience: Ionizing Radiation 
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Human Experience: Ionizing Radiation 
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As Gandhi so eloquently put it, 

 

“The enemy is fear. We 
think it is hate; but, it 

is fear”. 
 



--- QUESTIONS --- 



The End . . .  

Dr. Debra N Thrall 

Executive Director  

Albert I Pierce 
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