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Morning Overview

» Atoms and Elementary Particles 2a]
> Build an Atom: Computer Model 2D
> Discuss Particle Accelerators 3b)]
> Build an Electroscope 44

» Radiation Overview 1a]
- Demonstrate Half Life: Twizzler Decay

» Radiation Safety [1b]
- Draw Radiation Hazard Symbol [1c]
- Use a Geiger Counter [5a]
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Afternoon Overview

» Radon [5b]
- Detection and Dilution

» Nuclear Fission [6a]

» Nuclear Science Applications [7
> Cloud Chamber [4b]

» Career Opportunities [8]
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[2a]
Atoms and Elementary Particles

In this Section, we will discuss:

» Atom » Quark » X-ray
» Nucleus » Isotope » lonization
» Proton » Alpha Particle » Radioactivity

» Neutron » Beta Particle » Radioisotope

» Electron » Gamma Ray
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Pop Quiz: What is this?



Presenter
Presentation Notes
An atom is the smallest piece or unit of an element having the properties of that element.

Elements are fundamental substances that can’t be broken into simpler substances by chemical means.



Elements



Presenter
Presentation Notes
Familiar elements include hydrogen, oxygen, iron, and gold.  Each element consists of one basic kind of atom.


Atoms and Elementary Particles




Atoms and Elementary Particles

electron
<10"%cm

proton

@ (neutron)

nucleus
~10"2cm

i TR
s ;

i o .
W

atom~102cm

PN
@ R
w m
A S »
4 % £
0 0
Ocjet



Atoms and Elementary Particles

» An atom is the smallest piece or unit of an
element having the properties of that
element.

» Elements are fundamental substances that
can’t be broken into simpler substances by
chemical means.

» Familiar elements include hydrogen, oxygen,
iron, and gold. Each element consists of one
basic kind of atom.
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Atoms and Elementary Particles

» Atoms are made up of protons, neutrons &

electrons: the building blocks of matter
* Protons: + charge

* Neutrons: no charge
 Electrons: - charge

» Atoms want to be neutral/ and have no net
charge

* In other words:
number of protons = number of electrons
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Atoms and Elementary Particles

G Periodic Table .
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METALS’ is often artbrtrary because these elements have characteristics of bath H

2 matals and nonmietals. As a result, this chart will differ slightly from ather tables B
that are available, Boron

!3
Gnnm
............-. Tmn.m -.
.. c—‘...............
i
H
.. .........m Uiq |Uup U Uus |

i Uut ng U}Ap Uuh| Uus Uuq
+
ar a8 59 60 61 62 63 -] B3 1] BT -1} 69 T i |

Cumenily, these alemenis ara officially unnamed.
la Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lantkerum Thaum it Lutetem

"k Com  Presxchmem Meodymam Promethum Ssmamum Bwcpum Gadokrm Betam Dygeosam Hdmam Etaum
& " a2 n - k5] k] o k] » 100 101 102 103

AcThPaUNpPuAmCmBkCIFSFdeNoLr

Fromctrn  Uenm Mephrmm Pulrm Amsioum G Bekdum  Coflnum  Erstrbm Ferm Nendsivm Motsm Lssessoum

 TRANSITION METALS
| ALKALINETALS  ALGALNEEARTHWETALS  criances | OTHERMETALS | WETALLOIDS  NOWWETALS | FALOGENS j[NOBLE GASEs|
ACTINIDES

201 Jay A Miller and Second Breakias Media LLC. Al Rghts Reserved. For Peraanal Lise Only,

Perod




Protons

» Discovered in 1914 by Ernest Rutherford

» In 1914 Henry G. J. Mosely came up with
atomic number (Z) as a way to count the
number of positive electric charges.

o Atomic number is the number of protons in the
nucleus of an atom.

- The number of protons determines the kind of
element.
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Neutrons

» Neutron

Rutherford suggested the existence of a neutron in
1920.

Part of nucleus with no electric charge that was why the
atomic number was different from atomic mass.

About equal in size to a proton.
James Chadwick found the neutron in 1932.

Discovery of neutron allowed scientist to better
describe the atom, atomic number, mass number,
atomic mass




Electrons

» In 1891 Irish physicist G. Johnstone Stoney
theorized that electric current was the
movement of small electrically charged
particles called electrons.

» Electrons have a negative electric charge
and a tiny mass.
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Quarks and Gluons

» In the late 20t century particle accelerators
shattered protons and neutrons into pieces.

» Protons and neutrons are made up of much smaller
particles (quarks)
Protons have two up quarks and 1 one down quark
Neutrons have two down quarks and 1 up quark

» Gluons are particles that keep the quarks from
flying away from each other.
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Atomic Mass

» Masses of particles:
e Mass of a Proton (Z) = 1 amu
« Mass of a Neutron (N) = 1 amu
» Mass of an Electron (e) = .000549 amu

» Since m, is so small, the atomic weight of an
atom (A) is roughly equal to Z + N, or:

A=Z+N
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Atomic Mass

» Helium?
o 2 protons + 2 neutrons + 2 electrons
» Oxygen?

- 8 protons + 8 neutrons + 8 electrons

o

» Uranium-235?
> 92 protons + 143 neutrons + 92 electrons

(o]

» An alpha particle (a Helium nucleus)?
o 2 protons + 2 neutrons




Uranium 235

Symbols are used to represent specific atoms
and their nuclei

2351 oo

82

U

Chemical symbol (U for uranium)
All uranium atoms have 92 protons in nucleus
A neutral uranium atom has 92 electrons orbiting the nucleus




[p.7 / Req. 23]
Review

» What is an atom?

the smallest piece or unit of an element
having the properties of that element.

» Elements are fundamental substances that

can’t be broken into simpler substances by
chemical means.

For example: Hydrogen, Oxygen, Iron, Gold
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[p.7 / Req.
Review

2a]l

» What is the nucleus?

the tiny core of an atom,
consisting of protons and neutrons

» The number of protons and neutrons
determine the atomic mass

A=Z+N

Atomic Mass = # Protons + # Neutrons

\o"‘N "'oo
& 4
w m
A S BY
4 2
8§ <4
Ociet



[p.7 / Req. 23]
Review

» What is a proton?

a fundamental building block of an atom with:
Charge = Positive (+1)
Mass = ] AMU

» The number of protons determines the
atomic number
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[p.7 / Req. 23]
Review

» What is a neutron?

a fundamental building block of an atom with.
Charge = Neutral (0)
Mass = ] AMU

» Two atoms of the same element can have a
different number of neutrons
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[p.7 / Req. 23]
Review

» What is an electron?

a fundamental building block of an atom with.
Charge = Negative (-1)
Mass = 0.000549 AMU

» Electrons orbit around the nucleus in shells
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[p.8 / Req. 23]
Review

» What is a quark?

the fundamental building blocks of
protons and neutrons

» They come in 6 flavors:
- Up / Down
> Strange / Charm
- Top / Bottom
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[p.8 / Req. 23]
Review

» What is an isotope?

atoms of the same element
with different masses

» Same number of protons,
but a different number of neutrons:

A=Z+N

Atomic Mass = # Protons + # Neutrons
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[p.8 / Req. 23]
Review

» What is an Alpha particle?

two protons and two neutrons

» The nucleus of a Helium atom
» Positively charged (+2)

» Can be stopped by a sheet of paper
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[p.8 / Req. 23]
Review

» What is a Beta particle?

free flying electrons
» Negatively charged (-1)

» Can be stopped by a 100 sheets of paper,
or a sheet of aluminum
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[p.8 / Req. 23]
Review

» What is a Gamma ray?

high energy light wave
» No charge (0)
» Higher energy than X-ray

» Can be stopped by thick concrete or lead
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[p.9 / Req. 23]
Review

» What is an X-ray?

high energy light waves
» No charge (0)

» Lower energy than Gamma Ray,
but higher energy than ultraviolet ray

» Can be stopped by concrete or lead
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[p.9 / Req. 23]
Review

» What is ionization?

the process of becoming negatively
or positively charged

» lons have a different number of protons and
electrons.
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[p.9 / Req. 23]
Review

» What is radioactivity?

the process of giving off charged particles
or rays (ionizing radiation)




[p.9 / Req. 23]
Review

» What is a radioisotope?

atoms that give off energy (radiation)




Morning Overview

4

> Build an Atom: Computer Model 2D
> Discuss Particle Accelerators 3b)]
> Build an Electroscope 44

» Radiation Overview 1a]
- Demonstrate Half Life: Twizzler Decay

» Radiation Safety [1b]
- Draw Radiation Hazard Symbol [1c]
- Use a Geiger Counter [5a]
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[p.10 / Req. 2b]
Build an Atom: Computer Model

» Check out:

» Click on Atom under “Build an Atom”

» Build your own atoms!
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http://phet.colorado.edu/sims/html/build-an-atom/latest/build-an-atom_en.html
http://phet.colorado.edu/sims/html/build-an-atom/latest/build-an-atom_en.html
http://phet.colorado.edu/sims/html/build-an-atom/latest/build-an-atom_en.html
http://phet.colorado.edu/sims/html/build-an-atom/latest/build-an-atom_en.html
http://phet.colorado.edu/sims/html/build-an-atom/latest/build-an-atom_en.html
http://phet.colorado.edu/sims/html/build-an-atom/latest/build-an-atom_en.html
http://phet.colorado.edu/sims/html/build-an-atom/latest/build-an-atom_en.html
http://phet.colorado.edu/sims/html/build-an-atom/latest/build-an-atom_en.html
http://phet.colorado.edu/sims/html/build-an-atom/latest/build-an-atom_en.html
http://phet.colorado.edu/sims/html/build-an-atom/latest/build-an-atom_en.html

[p.10 / Req. 2b]
Build an Atom: Computer Model

» Fluoride is a stable, negatively charged
Fluorine ion. Build a Fluoride lon.
- Check Element Name
How many protons does it take?
o Check Neutral/lon
How many electrons does it take, and where are they?
o Check Stable/Unstable
How many neutrons does it take?
What is the atomic mass?
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[p.10 / Req. 2b]
Build an Atom: Computer Model

» Build an atom with Z=10, N=13, e=9
> What is the element name and symbol?
- What is the charge?
How would you make the atom neutral?
Is the atom stable?
How can you make the atom stable?
How many isotopes are stable?

o

o

o}

o
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[p.10 / Req. 2b]
Build an Atom: Computer Model

» Build three isotopes of Hydrogen:

> Protium : 1 Proton, O Neutron
o Deuterium: 1 Proton, 1 Neutrons
o Tritium: 1 Proton, 2 Neutrons

» Which isotopes are stable?
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Morning Overview

4

(@)

o Discuss Particle Accelerators 3b
> Build an Electroscope 44
» Radiation Overview 1a]
- Demonstrate Half Life: Twizzler Decay
» Radiation Safety [1b]
- Draw Radiation Hazard Symbol [1c]
- Use a Geiger Counter [5a]

N
- "'oo
o ¢

A s 8
A £S
) 4
Ociet

ANS




icle Accelerators

Part

Discuss




[3b]
Discuss Particle Accelerators

Large Hadron Collider (CERN)

» Conseil Européen pour la Recherche Nucleaire
(European Organization for Nuclear Research)

» Located in Geneva, Switzerland

» 17-mile long underground ring - largest ever

=




[3b]
Discuss Particle Accelerators

Relativistic Heavy lon Collider
» Brookhaven National Laboratory - Upton, NY
» The only operating collider in the US

» By using RHIC to collide ions traveling at
relativistic speeds, physicists study the
primordial form of matter that existed in the
universe shortly after the Big Bang




[3b]
Discuss Particle Accelerators

Fermi National Accelerator

» Batavia, IL

» Tevatron - smashes protons/antiprotons
» Examines basic building blocks of matter




[3b]
Discuss Particle Accelerators

Thomas Jefferson National Accelerator
» Newport News, VA

» Fixed target accelerator

» Stream of electrons, stationary nuclei
» Examines quarks




[3b]

Discuss Particle Accelerators

National Superconducting Cyclotron Laboratory
» Michigan State University
» Largest University nuclear facility

» Researches rare-isotopes
> Only exist briefly in stars
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[3b]
Discuss Particle Accelerators

Advanced Light Source
» Berkeley, CA
» Produces X-rays that examine the structure




[p.11 / Req. 3b]
Review

» Describe 3 Particle accelerators

Large Hadron Collider

Relativistic Heavy lon Collider

Fermi National Accelerator

Thomas Jefferson National Accelerator
National Superconducting Cyclotron Laboratory
Advanced Light Source
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Morning Overview

4

(@)

(©)

- Build an Electroscope [4a]
» Radiation Overview [1a]
- Demonstrate Half Life: Twizzler Decay
» Radiation Safety [1b]
- Draw Radiation Hazard Symbol [1c]
- Use a Geiger Counter [5a]
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Build an Electroscope

[4a]

» Rob Flammang
» Westinghouse Nuclear Laboratory
» Churchill, PA




[4a]
Build an Electroscope
1. Bend your paper clip like so:

2. Put the hook of the paper clip through two
strips of aluminum foil (1cm by 4cm).

3. Put the other end of the paperclip through
an index card, and lay the card on the jar so
that it suspends the assembly (use tape to
secure, if needed).
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[4a]
Build an Electroscope

Place a source of electricity near the
“sensor” (the end of the paperclip
sticking out). What happens? Do the
strips go in or out? Is that source
positive or negative? |

"
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[4a]
Build an Electroscope

Two Fundamental Properties

Mass: The property of an object that
enables it to respond to a gravitational
field and to exert a force on another mass.

Electric Charge: The property of an object
that enables it to respond to an electric
field and to exert a force on another
electric charge
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[4a]
Build an Electroscope

Electric Charge in the Atom:
» Nucleus (small, massive, positive charge)

» Electron cloud (large, very low density,
negative charge ~




[4a]
Build an Electroscope

» Atoms are normally electrically neutral.

» Rubbing two objects together can charge

them by moving electrons from one to the
other.

(a) (b)

Copyright © 2005 Pearson Prentice Hall, Inc.




[4a]
Build an Electroscope

Static Electricity

e
Electric Charge, < %

(a) Two charged plastic rulers repel

and Its Conservation

™~
Charge comes in two types, %%

(b) Two charged glass rods repel

positive and negative;

like charges repel %

and OppOS'te Charges attract (c) Charged glass rod attracts

charged plastic ruler

Copyright © 2005 Pearson Prentice Hall, Inc.




[4a]
Build an Electroscope

Static Electricity, Electric Charge, and Its
Conservation

» Electric charge is conserved - the arithmetic
sum of the total charge cannot change in
any interaction.
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[4a]
Build an Electroscope

Electric Charge in the Atom

» Polar molecule: neutral overall, but charge
not evenly distributed
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[4a]
Build an Electroscope

Conductor: Insulator:
Charge flows freely Almost no charge flows
Metals Most other materials

Some materials are semiconductors.

Charged Neutral Metal Wood
@ + + +7 4
+ + + + T

(b) (c)

+7 4
ki
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[4a]
Build an Electroscope

Metal objects can be charged by conduction:

( |

(a) Neutral metal rod

€~ passage

Charged
metal object { +.|.+.|. O
(b) Metal rod acquires

bl "'oo
ANS charge by contact
&Ocm““ s :
Copyright © 2005 Pearson Prentice Hall, Inc.



[4a]
Build an Electroscope

They can also be charged by induction:



Presenter
Presentation Notes
Our Earth is an infinite reservoir of electrons which it gives up or accepts very readily.  When one attaches an object to the Earth through a conducting rod, it is said to be “earthed” or “grounded”.  In (b), the loosely held electrons get pushed into the “ground”.  Cut the wire before removing the charged rod, and the object maintains its net positive charge.



[4a]
Build an Electroscope

Nonconductors won’'t become charged by
conduction or induction, but will experience

charge separation:

= j
SONNS
ANS _ Nonconductor



Presenter
Presentation Notes
The nonconductor is said to be “polarized”; one end has a net negative charge and the other end a net positive charge.  The inside polarized atoms align themselves to cancel each other’s charge.


[4a]
Build an Electroscope

The electroscope Insulator
can be used for | Metal

detecting charge:
Gold

leaves Glass




Build an Electroscope

The electroscope can

ne charged either ’;"X
ny conduction or 7‘72(

0y induction. >
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[4a]
Build an Electroscope

The charged electroscope can then be used to
determine the sign of an unknown charge.




[p.12 / Req. 4a]
Activity

» Build an electroscope




Morning Overview

4
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» Radiation Overview [1a]
- Demonstrate Half Life: Twizzler Decay

» Radiation Safety [1b]
- Draw Radiation Hazard Symbol [1c]
- Use a Geiger Counter [5a]
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[1a]

Radiation Overview

»

D ST, L S S S

Radiation is energy in the form of particles or electromagnetic waves. It
is how the universe transfers energy!

Radiation is released to get rid of extra energy. It occurs regularly in
nature, but can also be induced.

Different types of radiation:

Alphas (helium nuclei)

Betas (electrons, positrons)

Protons (positive electrical charge)

Neutrons (no electrical charge)

Electromagnetic Waves( visible light, radio waves, x-rays, gamma rays)

If radiation interacts with an atom and has enough energy, it will ionize
the atom. That atom will then be negatively or positively charged.

An “ion” is an atom with too many (or too few) electrons, giving it a net
electrical charge.



Presenter
Presentation Notes
-He nuclei consist of 2 protons and 4 neutrons
-Electrons interact either by PE effect, Compton Scattering, or Pair Production.
-Protons are about  1836 times heavier than an electron
-Neutrons are almost exactly equal in mass to protons, but have no electrical charge.  They can’t ionize atoms by themselves, but can smash into protons  producing high energy protons which can.  The can also interact with the nuclei of other stable atoms to produce new isotopes which can in turn emit radiation.
-Muons interact for the most part the same as electrons do, but are roughly 200 times heavier.
-Photons (EM waves) become ionizing in the high frequencies (near ultraviolet region).  
-X-rays are emitted from the electrons of an atom and gammas are emitted from an excited nucleus.  The frequencies of gammas are higher than that of x-rays (>10^19 vs 10^15-10^18).

-Ionization when there



[1a]
Radiation Overview

lonizing radiation
» Produces ions in the material it strikes

Non-ionizing radiation
» Can cause damage by physically striking material
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Presenter
Presentation Notes
Figure found at:   http://www.uic.com.au/index.htm



[1a]
Radiation Overview

» lonizing radiation has enough energy to
remove an electron from an atom or molecule.
This produces free radicals, atoms containin
unpaired electrons, which tend to be especia?ly
chemically reactive.

Some examples of ionizing radiation are:
» Alpha particles
» Beta particles

» Photons
o Gamma rays
o X-rays
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[1a]
Radiation Overview

» Non-ionizing radiation interacts with matter
by colliding into it, or causing electron
“‘excitation” (moving to a higher energy state).

» Some examples of non-ionizing radiation are:
» Low energy photons
> Such as visible light, infrared light, etc

» Neutrons
> Neutral particle in nucleus
o Like a proton but with no charge

\o"‘N "'oo
& 4
w m
A S BY
& 2
8§ <4
Ociet



Radiation Overview

[1a]

» The sun
» Soil, water, and vegetation

» Internal sources
> Potassium-40 (bananas)
o Carbon-14 (air)
o Lead-210 (radon)
» Man-made sources
- Medical sources (x-rays, radiation...)
> Nuclear Power
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i [1a]

Radiation Overview

» Each type of radiation has different
Interaction properties.
» Energy deposition in soft tissue poses a

health risk.
» The shielding used to limit exposure depends

on the type of radiation.
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Presenter
Presentation Notes
-He nuclei consist of 2 protons and 4 neutrons
-Electrons interact either by PE effect, Compton Scattering, or Pair Production.
-Protons are about  1836 times heavier than an electron
-Neutrons are almost exactly equal in mass to protons, but have no electrical charge.  They can’t ionize atoms by themselves, but can smash into protons  producing high energy protons which can.  The can also interact with the nuclei of other stable atoms to produce new isotopes which can in turn emit radiation.
-Muons interact for the most part the same as electrons do, but are roughly 200 times heavier.
-Photons (EM waves) become ionizing in the high frequencies (near ultraviolet region).  
-X-rays are emitted from the electrons of an atom and gammas are emitted from an excited nucleus.  The frequencies of gammas are higher than that of x-rays (>10^19 vs 10^15-10^18).

-Ionization when there







[p.3 / Reqg. 13]
Review

» What is radiation?

energy or particles that come from a source
and travel from one place to another

» Energy in motion
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[1a]
Radiation Overview

» Not all combinations of neutrons and protons

are “stable”.

> Nuclei with an unfavorable combination will attempt to reach a
lower energy state by emitting energy (“radiation”) from the

hucleus.
g0 | |
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60 protons 4
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[1a]
Radiation Overview

» Radioactive material has a probability of
decaying.

» Over time, this probability averages into a
“half-life”

» Half-life = Amount of time it takes for Aa/f
of the radioactive substance to decay
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Morning Overview

)

o Demonstrate Half Life: Twizzler Decay

» Radiation Safety [1b]
- Draw Radiation Hazard Symbol [1c]
- Use a Geiger Counter [5a]
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Elemental Deca

Decay Time: 0.0 Hours
0.0 Days

0.0 Months

0.0 Years
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Elemental Deca

Decay Time: 0.0 Hours
0.0 Days

0.0 Months
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Half Life: Twizzler Decay

» An isotope undergoing radioactive decay will emit Energy/radiation at a constant
rate, known as the decay rate. Like your fingerprints are unique to you (and only
you), the decay rate of an isotope is a unique and measurable value.

» Related to the decay rate is the half-life of an isotope. It is related by the
equation:

» The half-life is defined as the time in which it takes half of the isotopes to decay.

» The Half-Life of a Twizzler is 1 minute. In other words: every 1 minute, half of the
Twizzler “decays” and is eaten by you!

» Let’s use the half life to plot the decay curve of a Twizzler. You will find that the
shape of this curve (“exponential decay”) is seen all throughout nature (Newton’s
Law of Cooling, Electric Discharge, Radioactive Decay).




Morning Overview

)

O

» Radiation Safety [1b]
- Draw Radiation Hazard Symbol [1c]
- Use a Geiger Counter [5a]
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[1Db]
Radiation Safety

» Effects of Radiation on a Human Cell

lonizing Radiation

Human Cells

Atoms in Cells Form lons

No Change in Cell Change in Cell

Reproduces Replaced

Malignant Growth Benign Growth Not Replaced




[1b]
Radiation Safety

» Biological effects of radiation

» The effects of radiation can be broken into two
groups according to how the responses (symptoms

or effects) relate to dose (or amount of radiation
received):

» Stochastic Effects

y Deterministic Effects
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[1b]
Radiation Safety

» Deterministic Effects

» Deterministic Effects are those responses which
increase in severity with increased dose

» For example: a sunburn. The more you're exposed
to the sun, and the higher the ‘dose’ of sunlight
you receive, the more severe the sunburn is.
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[1b]
Radiation Safety

» Stochastic Effects

» Stochastic Effects are those effects which have an
increased probability of occurrence with increased
dose, but whose severity is unchanged.

» Example: skin cancer and sunlight. The probability
of getting skin cancer increases with increasing
exposure to the sun

» Stochastic Effects are like a light switch: they are
either present or not present
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[1b]
Radiation Safety

» NRC Limits
Subjects Exposed Time Frame Dose (Imrem)
Nuclear Worker 1 year 5000
General Public (from Nuclear Facility) 1 year 100
Pregnhant Woman 9 months 500




[p.4 / Req. 1b]
Review

» What are the hazards of radiation?
- ACUTE doses (without treatment) and Immediate,
Stochastic Effects
5-10 rem: blood changes
50 rem: nausea (hours)
55 rem: fatigue
/0 rem: vomiting
75 rem: hair loss (2-3 weeks)
90 rem: diarrhea
100 rem: hemorrhage
400 rem: possible death within 2 months

1000 rem: destruction of intestinal lining, internal bleeding,
and death in 1-2 weeks

2000 rem: damage to CNS, loss of consciousness, and death
within hours to days




[p.4 / Req. 1b]
Review

» What are the hazards of radiation?

> CHRONIC doses or small acute doses
Much harder to answer
Current model is LNT: current standard

If we use LNT to look at the airline industry:
79,000 excess cancers from flying

40,000 yearly deaths

A lot of good evidence supports a 10 Rem/year healthy dose

At a certain level (between 20-70 Rem/year), linear effects
start to manifest themselves and cancer risks increase

Large, cumulative doses can also damage eyes (cataracts)
and heart valves
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A Basis for Threshold or Hormesis

» 55,200 Single Strand Breaks (SSB) / cell /
day

» 10-50 Double Strand Breaks (DSB) / cell /
day

» 10 Rem dose?: 100 SSBs and 4 DSBs

» Cell has repair mechanisms

» A stressor on a cell will be communicated
to other cells

» Cell responses get faster and more effective
following a low-dose exposure
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Data Used to Support 1956 BEAR
Reports

Solid Cancer Mortality in Atomic Bomb Survivors
20} >=120 with correction for -20% bias in baseline cancer rate,
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Lies, Darned Lies, and Statistics

» How could they make that data look any
g O O d ? Leukemia Incidence in Hiroshima Survivors

Dafa from: UNSCEAR, 1958
g Cuttler, 2014
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Additional Studies/Examples

» Naval shipyard workers study
o 27,872 High-Dose Nuclear Workers
> 10,348 Low-Dose Nuclear Workers
o 32,510 Control
o “The high-dose workers demonstrated significantly lower circulatory, respiratory, and

all-cause mortality than did unexposed workers. Mortality from all cancers combined
was also lower in the exposed cohort.”

» Ramsar Iran and Black Sands of Brazil

> “People in some areas of Ramsar, a city in northern Iran, receive an annual radiation
dose from background radiation that is more than five times higher than the 20 mSv.
Yr-! that is permitted for radiation workers. ”

> "The absorbed dose rate in some high background radiation areas of Ramsar is
approximately 55-200 times higher than that of the average global dose rate. It has

been reported that 3-8% of all cancers are caused by current levels of ionising
radiation.”

o “Our cytogenetic studies show no significant differences between people in the high
background area compared to people in normal background areas.”

> “There are no data to indicate a significant increase of cancer incidence in other high
background radiation areas (HBRASs). Furthermore, several studies show a significant
decrease of cancer death rates in areas with high backgrounds.”
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Additional Studies/Examples

» Chernobyl Workers
> 200,000 Russian workers engaged with average dose (as
measured by IAEA and WHO supervision) of 100 mSv (10 Rem)
- 150 Leukemia deaths were predicted, but none were seen
> No excess solid cancer deaths
> Another study showed 48 Leukemia deaths out of 180,000
workers vs. 131 expected in normal society

> 65,905 workers with external doses averaging 100 mSv were
followed through 1991-1998

“The report indicated that the death rate of Chernobyl workers was
0.6-0.9, lower than the general public death rate of 0.82”

Cancer mortality of 110 persons / 100,000 person-years, or 515 in
8 years

Expected cancer deaths in a normal population: 1102
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Why Does it Matter?

» LNT allows for the mantra of “No Safe Dose”
- Radiation fear is taught, not learned
> People are not good at rationalizing fear
- So-called “Low-probability, High-consequence events” dominate many
people’s concerns
- The added element of “invisible killer!” makes radiation a unique
psychological stressor
» Rationality
> If you went into a closet to do some painting and realized you were a bit
loopy after 15 minutes, would the harm to your liver haunt you for years
following?
> When you have a close-call, or minor-accident driving your car, do you
remember it as a defining moment in your life?
> When you drive by Bruce Mansfield and can smell the smoke coming out of
the stacks, do you worry about the fractional impact to your health?




[p.4 / Req. 1b]
Review

» What is radiation exposure?
- A body is exposed when energy in the form of
particles or waves passes through it
- When the energy source is removed, the exposure
stops
- Dose is easy to calculate using dosimetry if dose is
from external source
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[p.4 / Req. 1b]
Review

» What is contamination?
- A body is contaminated when radioactive material is
deposited on that body

- Dose stops when contamination is removed or
material decays away

> Concern around alpha-emitting particles in the
lungs

> Strontium acts like calcium and centralizes in bones

- Biological half-life must be considered




[p.5 / Req. 1b]

Review

(o}

O

» Discuss the risks of nuclear power

Nuclear accidents can release a high-amount of short-
term radiation

If no precautions are taken, significant, acute dose can
be received

Workers on-site may be exposed to dangerous or fatal
levels of radiation

Very small increases in cancer risk may be seen by those
who do not take precautions

Public health impacts surrounding evacuations and
mental health are significant and tragic

Economic impacts to local area can be severe

No conclusive model exists: “Conservative” approach
taken
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[p.5 / Req. 1b]
Review

» Discuss the risks of medical radiation
- Mis-calibrated equipment can be fatal

- Extremely large doses used in cancer treatment can
increase the cancer risk to surrounding tissue

o Burns in localized areas




[p.5 / Req. 1b]

Review

4

Discuss the risks of background radiation

(o]

Radon can be breathed into lungs and has an only
radioactive decay chain

Some studies link radon to increased cancer risk
Some studies link radon to decreased cancer risk

R. William Field showed 50% increase in lung cancer at EPA
action level of 4 pCi/L

Study of Worcester County, MA showed 60% reduction in
Ihung cancer in levels encountered in 90% of American
omes

Bernard Cohen used an ecological study of the entire U.S. to
show reduced cancer levels with increasing levels of radon

Radon mines exist across the world to decrease
inflammation




[p.5 / Req. 1b]

Review

» Explain the ALARA principle

- ALARA means “As Low as Reasonably Achievable”

Started off as a good practice soon after the advent
of nuclear power

Lack of objective measurement

Has morphed into “As Low as Humanly Possible” in
the opinions of many

Used as a key metric in determining plant
performance

Enormous cost driver
Potentially dangerous in accident scenarios

o

o

o

o

o

o

N
- "'oo
o ¢

A s 8
A £
0 4
Ociet

ANS




Morning Overview

>
>
>
- Draw Radiation Hazard Symbol [1c]
- Use a Geiger Counter [5a]
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[1c]
Draw Radiation Hazard Symbol

» To avoid accidental exposure, we use the
radiation hazard symbol

» Colors
- Magenta or Black
> Yellow Background

» Color one of your own

- Why must people use radioactive materials
carefully?
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[p.5 / Reqg. 1]
Activity

» Describe and draw the radiation symbol

80"




Morning Overview

)

o Use a Geiger Counter
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Use a Geiger Counter

[5a]




[p.13 / Req. 53]
Activity

Use a Geiger Counter

» Test different sources
> Source
o Flestaware
> Banana
> Your skin

» Test ALARA principles
o Distance
> Shielding
o Time
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Morning Review

» Atoms and Elementary Particles 2a]
> Build an Atom: Computer Model 2D
> Discuss Particle Accelerators 3b)]
- Build an Electroscope 44

» Radiation Overview 1a]
- Demonstrate Half Life: Twizzler Decay

» Radiation Safety [1b]
- Draw Radiation Hazard Symbol [1c]
- Use a Geiger Counter [5a]

ANS

N
- "'oo
o ¢

A s 8
A £
0 4

Ociet



Break for Lunch




Afternoon Overview

Radon [5b]
Detection and Dilution

Nuclear Fission [6a]

Nuclear Science Applications [7]
Cloud Chamber [4D]

Career Opportunities [8]
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Radon-222

Radon IS a gas

In general - the primary source of radon is from the soil

In most cases, builders do not choose to build homes
radon resistant

4.5 billion years -




218Po and 214Po
deliver the
radiologically
> significant dose to
the respiratory
epithelium

Radon Decay
Products




What happens when radon decay
products are inhaled?

= Highly radioactive
particles adhere to lung
tissue, where they can
irradiate sensitive cells.

= Radiation can alter the
cells, increasing the
potential for cancer.



Testing for Radon

Short-term Testing

*Most tests are short term

*Usually 12-48 hours, up to 90 days

*Don’t give you a good year-round average measurement

*The short term kit will allow you to test each room quickly as radon levels can
vary from room to room.

*Good choice if you have very high levels of radon

Charcoal Test

The most common way to test for radon is with an activated charcoal test kit. The
charcoal collects radon atoms from the air that can be counted in a laboratory
later. This is an inexpensive test and one that is easy to do yourself. About 95
percent of all radon testing is done this way.




Testing for Radon

Long-term Testing
sLong-term testing is done for longer than 90 days

*Alpha track testing and electrets detectors are the most common types of
tests done this way (though some types can be short term).

*This type of testing will give you a better reading of what your home's
average radon level is as opposed to short-term testing.

Alpha Track Device

Alpha track devices work in a similar way to charcoal test kits. Alpha track
devices are special pieces of plastic that are marked when hit by alpha
particles in radon. This can be counted in a laboratory later. This is also an
easy test to do yourself and relatively inexpensive.




Testing for Radon

Long-term Testing

sLong-term testing is done for longer than 90 days.

*Alpha track testing and electrets detectors are the most common types of
tests done this way (though some types can be short term).

*This type of testing will give you a better reading of what your home's
average radon level is as opposed to short-term testing.

Electrets

An electret has a plastic disc that contains an electric charge. It is normally
only used by professional radon inspectors because of the cost of the
analysis equipment and the expertise needed to operate electrets.
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Radiation Dose Chart

Thiz iz o chart of the ionizing rodiotion dose a person con absorb from vorious sources. The unit for obsorbed dose is “sievert” (Sv), and measures the effect a dose of radiotion
Wwill have on the cells of the hody. One sievert {all at once) will make you sick, and too mamy more will kill you, but we safely cbsorb small amounts of natural radiotion doily.
Note: The same number of sieverts obsorbed in a shorter time will generally couse more damage, but your cumulative long-term dose plays o big role in things like concer risk.
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Mitigation

* Prevent entry

 Remove entry routes (seal)

« Remove driving forces (soil depressurization)
e Pressurization

* Remove after entry

« Ventilation (without heat recovery)
e Adsorption

« Catalytic oxidation, etc.
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Mitigation
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Afternoon Overview

Radon [5D]
Detection and Dilution

Nuclear Fission [6a]

Nuclear Science Applications [7]
Cloud Chamber [4D]

Career Opportunities [8]




Let's break into teams!

Water filled mason jars ———
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How Is radon detected




Afternoon Overview

:

Radon [5D]
Detection and Dilution

Nuclear Fission [6a]

Nuclear Science Applications [7]
Cloud Chamber [4D]

Career Opportunities [8]
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Presentation Notes
Let STUDENTS answer before going to next slide.  Write STUDENT response on flip chart or black/white board.


= .
Basic Electrical Power Plan:-'

Turbine Generator
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Presenter
Presentation Notes
How do we get electricity from coal, natural gas, oil, etc.?

Does any one know how a power plant general produces electricity?

We need :

Fuel - heat
Steam – water – we heat water to produce steam
Turbine – we use the steam to turn a turbine – rotational energy
Generator – attached to the turbine – converts rotational energy into electricity
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Presenter
Presentation Notes
Let STUDENTS answer before going to next slide.  Write STUDENT response on flip chart or black/white board.


Fission and Energy

The fission process (splitting an atom) converts mass into
energy.

The sum of the mass of all the particles is slightly less than the mass of

the original atom and neutron. This missing mass has been converted

=

to energy. =




Combustion vs Fission

* Combustion is a chemical reactiot
CH4 +202 — CO2 + 2H20 + 2eV

* Fission Is a nuclear reaction

n+ U235 — U236 — Bal39 + Kr94 + 3n + 200,000,000eV

Fission releases 100 MILLION times more energy
per reaction than combustion! -
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Presenter
Presentation Notes
Let STUDENTS answer before going to next slide.  Write STUDENT response on flip chart or black/white board.


Symbols repreée =

(number of
number of ne

Atomic number (Z) —
(number of protons)
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Chemical symbol (U for uraniun
All uranium atoms have 92 protons in nucleus
A neutral uranium- atomﬁhas 92 electrons orbltln the=s



Presenter
Presentation Notes
The most common fuel used in a nuclear plant to generate electricity is uranium-235.
U-235 is an isotope of uranium.  Isotopes use symbols to represent specific atoms and nuclei.  U is the chemical symbol for uranium.  All uranium atoms have 92 protons in the nucleus.  It is the number of protons that determines the element.  The number of protons is called the atomic number.




Isotopes of Natural Uranium

* Natural uranium consists of three isotopes:
Uranium-238, Uranium-235, and Uranium-234.

* Uranium isotopes are radioactive. The nuclei of
radioactive elements are unstable.

Uranium Isotopes
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Presenter
Presentation Notes
Let STUDENTS answer before going to next slide.  Write STUDENT response on flip chart or black/white board.


@ .
Energy Releases from U-23%

FF = fission fragment

Heat : 'Y

\ Gamma Ray

Heat 7
VTo next
P Heat ﬁf Fission

/Fast Neutron
\ Heat
\ >>> - Y

Heat ® . To next

f Fission
Fast Neutron

FF@ , ﬁ

Heat

Thermal Neutron



Presenter
Presentation Notes
The fission products or fission fragments resulting from the fission of U-235 are nuclides of roughly half the mass of uranium. The fragments are not always the same in every fission event. There are many different fission products, each produced in a certain percentage of the fissions.  
�For example, Barium (Ba) and Kryton (Kr) are two possible fission fragments.

From this website (http://www.uic.com.au/uicphys.htm)  I copied the following paragraphs which provides some examples of the fission fragments resulting from the fission of  U-235:  

"The number of neutrons and the specific fission products from any fission event are governed by statistical probability, in that the precise break up of a single nucleus cannot be predicted. However, conservation laws require the total number of nucleons and the total energy to be conserved. The fission reaction in U-235 produces fission products such as Ba, Kr, Sr, Cs, I and Xe with atomic masses distributed around 95 and 135. Examples may be given of typical reaction products, such as: 
U-235 + n ===> Ba-144 + Kr-90 + 2n + energy 
U-235 + n ===> Ba-141 + Kr-92 + 3n + 170 MeV 
U-235 + n ===> Zr-94 + La-139 + 3n + 197 MeV"
Source : UIC (Uranium Information Centre Ltd. Website article, Some Physics of Uranium.  Available at http://www.uic.com.au/uicphys.htm



Activity: Chain Reaction

* Any ideas on how to stop a chain reaction once It
has been started =P |




Ping Pong Ball Chain Reaction




In Slo-Mo...
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Presenter
Presentation Notes
Let STUDENTS answer before going to next slide.  Basically you want the students to design a nuclear power plant.

1st fuel
2nd core
3rd Reactor Vessel
4th How to transfer heat from fuel – water
5th How to slow fast neutrons to thermal – water
6th RCS loops to transfer heat from core to steam producing component (GS)
7th rest of plant is like Fossil Plant!

The show slide with actual components
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What Happens to Neutrons

FF = fission fragment
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Presentation Notes
Fast neutrons are slowed down during the moderation process so that they can be absorbed by other uranium atoms to cause a fission.  Fast neutrons are not very good at causing fissions.

During the slowing down process, they can be absorbed by other materials in the core or can escape the core.

By manipulating this process, i.e. the ratio of the number of neutrons that are absorbed by uranium in the next generation vs. the number of neutrons that leak or are absorbed during the slowing down process, we can control the reaction rate.

The reaction rate / power can be increased by reducing the leakage or absorption or by moderating more effectively.  Vice versa for a power reduction.

Relate this to fuel transportation and why the fuel isn’t producing power until we put it in the “reactor” - geometry


Harnessing Nuclear Powe

12 mm
(~0.47 inches)

| —

|

20 mm T II|I
(~0.79 inches) |
v ~

/'

A single uranium

fuel pellet the size
of a fingertip .
contains as much |
energy as:

* 17,000 cubic feet

of natural gas
* 1,780 pounds of

coal
» 149 gallons of

oil.

~7 grams (0.24 0z)

~230
pellets
| In a fuel
| rod

U235: The Fuel in Fuel Rods and FueI_Assemny

12

ft
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Presentation Notes
Uranium is used in nuclear power plants in pellets. Typically a pellet of uranium weighs around 7 grams (0.24 ounces). This pellet is capable of generating as much energy as 3.5 barrels of oil, 17,000 cubic feet of natural gas, or 1,780 pounds of coal. Therefore if you compare uranium with oil in terms of energy produced, 3.5 barrels costs about $210 assuming $60 per barrel. For Uranium, it costs around $1.125 to buy 0.24 ounces of uranium at the current price of $75/lb. This is a vast difference in cost and shows how cheap uranium is at current prices.


Reactor Core and Control Rods

Control Rod |}
Drive |
Assembly

Control Rod
Assembly

Fuel
Assembly




Reactor Control

Move Control Rod IN,
decreases fission rate,
produces less heat,

water out temperature

Control fission process
by controlling neutron
population and thereby
fission rate

Cooler Hotter
WWELE] WETLE]
Move Control Rod OUT, increases
fission rate, produces more heat,
water out temperature .
= %

N
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Presentation Notes
A reactor needs to have a self-sustaining chain reaction to produce a continuous supply of heat to generate electricity.  We also need to be able to safely control the fission process.  Since neutrons are needed to cause the fission U-235, controlling the number of neutrons available for fission is how we control the nuclear reaction.  

Special neutron absorbing rods called control rod are inserted or withdrawn to control the fission process.  In addition, boric acid absorbs neutrons.  By changing the concentration of boric acid in the coolant, operators can control the fission process.


Reactor Control

* Control rods — insertion of materials that absorb neutrons.

* Boron — soluble chemical added to the coolant in the form of boric acid; absorbs

neutrons.

* Moderator Temperature — cold water is denser. Denser water will slow the
neutrons down faster. Thus, a lower probability of being absorbed in another
material or leaking out of the core. This must be balanced with the need to produce

steam.

A stable neutron populations means a stable power level. Neutron population is
proportional to power.
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Put it all together a



Presenter
Presentation Notes
Let STUDENTS answer before going to next slide.  Basically you want the students to design a nuclear power plant.

Refer to Mouse Trap Video.

How would students capture/remove ping pong balls?

How would students slow down the ping pong balls?

What if ping pong balls could leave (leaked out) of the box?

Write on Flip Chart or White Board and then go to next slide



Pressurized Water Reactor

Gnntainment Structure




Boiling Water Reactor

Gnrlt.aiﬂmant structure

Re amﬂ




Spent Fuel

* The concentration of fission fragments and heavy
elements produced in a fuel bundle will increase to
the point where it is no longer practical to continue
to use the fuel.

* After 12-24 months the 'spent fuel' is removed from
the reactor.

* Kept in underwater storage for 5-10 years.
* Transferred to “Dry Casks” and stored on site.




Storage Pool and Dry Cask
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(O _
Spent Fuel Inventory in the US

* Total amount of spent fuel generated i

After 50 years of US plant operations, the high-level waste volume
would fill an area the size of a football field seven yards deep.

With reprocessing, the amount of waste IS even less.

e ~62,000 metric tons

« ~15 ton per fuel assembly
« ~ 150,000 assemblies

\With reprocessing
* Only ~5% is true waste
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Presentation Notes
During 1996, the most recent year for which ash statistics are currently available, the electrical utility industry in the United States generated approximately 53.5 million metric tons (59.4 million tons) of coal fly ash.  (Source: American Coal Ash Association (ACAA), 2760 Eisenhower Avenue, Suite 304 Alexandria, Virginia 22314 & Electric Power Research Institute, 3412 Hillview Road Palo Alto, California 94304)

~833 million short tons (2,000 lbs) of coal burned

Government projection was that by 2000 approximately 75,000 acres of land fill area would be required to dispose of the ash byproducts.


Reprocessing

* Only 5% of the fissionable material in fuel'is used in a once-
through cycle.

* In a reprocessing facility, the spent fuel is separated into its
three components: uranium, and waste.

* Reprocessing enables recycling of the uranium and
plutonium into fresh fuel

* Produces significantly less waste (compared with treating
all used fuel as waste).




La Hague Plant, France

* Recycled Fuel
runs in French
plants

* French High
Level Waste
Volume
reduced to a
single room




Who Else Recycles Fuel?

-lu

* United Kingdom —

Sellafield Plant
* Russia — Mayak
Chemical Combine

¢ Japan — Tokai

* India - Tarapur ;1
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What about SAFE:[ !
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Presentation Notes
Get student ideas on safety, write on board/flip chart
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Three Main Safety Barriers

Fuel pellet and fuel rod

(Designed to withstand
temperatures up to
2200°F)

. Reactor coolant system — closed loop

Primary Containment
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Presentation Notes
Reactor are designed with three main safety barriers.  The first is the fuel pellet and fuel rod, the second is the reactor coolant system which is a closed loop, and the third is the containment building.  The main primary system of a PWR is housed inside of the containment  building.  The containment building is a steel-lined, concrete reinforced with steel building that is built to withstand internal pressure.  


Containment Building Walll

w

1/2" thick d
Steel Liner % 4 &g
Y —_~ Reinforcing
~ bars
4’ thick
Reinforced
Concrete
conftainment
wdall

Construction of Containment Wall




NPP’s Cannot Result in a “Nuclear” Explosion! |

#Naturally occurring U-235 is 0.711%
concentration and must be “enriched”

* Commercial Grade Fuel: ~3-5% U-235
*\Weapons Grade Fuel: >90% U-235

*Much Lower Fuel Enrichment Level than
Weapons Grade Fuel

A commercial power reactor simply CANNOT
explode like a nuclear bomb = o

o




Nuclear Reactors vs. Nuclear Bombs

In addition to different enrichment levels:

* Nuclear reactors have moderators and absorbers; Bombs are pure fissile
material.

* Reactors are designed to have a barely self-sustaining chain reaction.
The chain reaction in a bomb accelerates exponentially.
* Reactors have a controlled geometry that maintains constant neutron

leakage.
* Bombs explode when the mass of fissile material is compressed into a very
small volume so that no neutrons can escape.




Safety of Nuclear Power in the US

There has NEVER been e death
as the result of a commercial nuclear
power accident in the US...

...EVERI!




Three Mile Island

* Partial Core Melt: March 28, 1979 — Pennsylvania

* Containment building prevented radiation release

* No deaths or injuries
resulted

* Maximum dose at site
boundary was 100
mrem

* Average dose to 2M
people in area was 1
nre

Sodrce ™ WWw.Nrc.gov




Chernobyl

* Explosion: April 25, 198 -
Ukraine -

* No containment bundlng wmal

* 134 workers received hlgh
dose (80,000+ mrem)

* 57 died from radiation
poisoning within a few
months

* 500 were hospitalized




Fukushima Daiichi

* A series of ongoing equipment failures following the
9.0 magnitude Tohoku earthquake and tsunami on
March 11th, 2011.

* Evidence of partial core meltdown In reactors 1, 2,
and 3.

* No deaths from radiation poisoning.

# Estimates put fallout at around 10% of Chernobyl.

\w;



Sources of Radiation Exposure

lonizing Radiation Exposure to the Public

Man Made Radiation Sources - 18% Other — <12
Medical X-rays This Includes:
uclear Medicine Occupational - 0.3%
Consumer F roducts Fallout — <
Other Muclear Fuel Cycle - 0.1%
Consumer “osmic Tarrastrial Miscellaneous - 0.1%
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* Describe nuclear fis




Afternoon Overview

Radon -
Detection and Dilution
Nuclear Fission [6a]
Nuclear Science Applications [/]
Cloud Chamber [4D]
Career Opportunities [8]
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Medical Physics

* Application of physics
to medicine.

* Medical imaging (x-rays,
MRIs, PET)

* Nuclear medicine (Lasers,
Gamma Knives, source
radiotherapy)

* Physiological
measurements (endoscopy,

spectroscopy,
electrocardiography)

. Radiation Protection.

\ Badge Requirement 7




ITER — International Thermonuclear Experimental Reactor

* Currently under construction, ITER will be the world’s largest
and most advanced experimental tokamak nuclear fusion
reactor.

* A tokamak is a device using a magnetic field to confine a plasma in
the shape of a torus (doughnut).

* The project is funded by seven member entities — the EU,
India, Japan, China, Russia, South Korea, and the US and
has a project cost of $12.8B, with first plasma being
achieved in 20109.

* Fission is splitting an atom. Fusion is combmlng atoms
* D2+ T3 > Hed4 +n+ 17.6MeV '

* The Sun fuses Helium nuclel in to Helium
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CERN Experiments - Search for the Higgs Boson

* The “Higgs Boson” is a hypothetical massive elementary
particle predicted to exist by the “Standard Model”.

* The Standard Model concerns the electromagnetic, weak, and strong
nuclear interactions — it is a theory to tie everything together!

* [t is the only particle that has not been observed in particle
physics experiments.

* The Higgs-mechanism is the part of the SM that explains
why particles have mass.

* Experiments at CERN show a few events that could be the
Higgs, but researchers are seeking out a 95% confidence
that it exists. Some researchers, however, believe this
Interval is too much and that some attention should be paid

tothese events..

\w;



Nuclear Power Is Also Used...

* Nimitz Class Aircraft Carrier
* 1,092 feet long
* 224 million pounds
* Max speed of 40 mph
* Produces 260,000hp

* Los Angeles Class
Submarine

* Operating depth of 650 feet
* Max speed of 30 mph = 5
* Endurance of 90 days ——




Nuclear Power Is Also Used...

* Space Exploration

* Radioisotope Thermoelectric
Generators (RTGS)

* Converts the decay heat of a
radioactive material into electricity

* 6 Spacecraft, Viking Landers

#* Nuclear Reactors
* RORSAT
* SNAP-10A




Nuclear Power Is Also Used...

To Heat Our Planet!

* Earth’s internal heat
comes from: |
* 10-30% from
gravitation forces and

residual heat from
earth’s formation.

® 60-90% from the
decay of Uranium and ey
Thorium. B

=
Ll
b
[ T
=
a
E
=
=1
-
ol
e
=4
-
=9
[
]

Badge Requirement 8



Review [p.15 / Reaq. 7]

* Applications in nuclear mec (ﬂ _
* Environmental appllcatlons _;-— -
* Industrial applications
. Appllcatlons In space exploratlon
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Detection and D|Iut|0n i

Nuclear Fission mnn [6a]

Nuclear Science Applications [7]
Cloud Chamber [4D]

Career Opportunities [8]
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Activity: The Cloud Chamber

* Also known as a Wilson Cloud Chamber, this device helped discover the
positron, the first observed form of antimatter. Cloud chambers allow
observers to “see” ionizing radiation.

Petri Dish
Alcohol Wick

Supercooled
99% IPA
(Isopropyl
Alcohol)
Vapor



Presenter
Presentation Notes
-Cloud chamber was first invented to study atmospheric phenomena. Charles Thomas Rees Wilson along with Arthur Compton received the Nobel Prize in Physics in 1927 for their work on the cloud chamber.
-Positron was predicted by Paul Dirac in 1930 as a result of his work on the application of the special theory of relativity to quantum mechanics.  It was discovered in 1932 by Carl D Anderson with the use of a cloud chamber.



Cloud Chamber Theory

ol 7L—.==
Ly B,
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Since the top of the chamber is at room temperature, the alcohol evaporates
from the wick and slowly sinks downwards.

The dry ice keeps the bottom extremely cold — so the vapor, once it has
fallen, is in a super-cooled state.

* This means that the alcohol is in a vapor form at a temperature at which
vapor would not normally exist.

Because there is so much vapor, the chamber becomes super-saturated.

* Super-saturation means that a medium (air) is holding more of a
material (alcohol) than could be achieved under normal conditions.

The super-cooled, super-saturated vapor is very unstable and will condense
into liquid with the slightest disturbance.

In these conditions, a charged particle will ionize molecules in the vapor as it
travels through it, causing condensation around the particle track. 1tis this
condensation trall that is visible in a Cloud Chamber.



What to Expect from the Cloud Chamber

Radiation Type and Trail Characteristics:
* Alphas — straight, dense tralls.

* Betas — wispy, irregular trails.

* Gammas/Cosmic Rays — curly, jagged trails.

Try to observe the following:

* Straight paths suddenly shooting off into another direction — possible
decay event.

* Three paths intersecting — often the result of a cosmic ray striking
another particle.

Chambert Trial. MOV

Badge Requirement 4b Complete
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Careers In Nuclear

* Industry

* Vendors
* Ex: Westinghouse
* Utilities o oaasdd
* Ex: FENOC EL-==
* Government =
* National Agency
* Ex: U.S. NRC
* Military (Navy/Air ForCe)

* Medical EEEEREEE
search
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* Name 3 careers in
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