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CNA Website

@ Canadian Muclear Association HOME | SITEMAP | SEARCH @ FEEDBACK = FRANCAIS

Nuclear Technology

Exploring Possibilities

GENERAL ABOUT CANADA'S ATOMIC WHAT IS BIOLDGICAL EFFECTS WORLD EMERGY NUCLEAR TECHNOLOGY SAFETY IN THE
RESOURCES CAREERS MNUCLEAR HISTORY THEORY RADLATION? OF RADIATIOMN SOURCES AT WORK NUCLEAR INDUSTRY
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CNSC Website
Bl S Commisson o strete naciine Canadd
g 4500 ¢ Canadian Nuclear Safety Commission
nuclearsafety.gc.ca

Hc:'ne » Educational Resources

About CNSC Educational Resources

Hil I'm
Inspector

Welcome to the CNSC's educational resources pages. Geiger!

Laws and Regulations

Jisia e _Guided t_:y Inspector Geiger, _you'll find some_simple

P S information a_bout nuclear science - from inside the atom to
how nuclear is used around the world.

My Community

Tz tal Information is tailored to specific grades:

Assessments ¢ 2-6 (Elementary school, grades two to six)

Get Involved e 7-8 (Middle school, grades seven and eight)

Reading Room « 9-12 (Secondary school, grades nine to twelve)

Hesks Centre Games and puzzles

Careers at CNSC

Below, you'll also find links to educational material provided by
many other organizations involved in the nuclear sector and
radas e other science areas.

Grades 7-8 Government agencies

Grades 5-12 ¢ Natural Resources Canada

Games and Puzzles ¢ Environment Canada
¢ Government of Canada’s Science Web site
¢ 1S Nuclear Regulatory Commission Student’s Corner

Others

Key Links
Proactive Disclosure

. Email this Page : 5 5 ;
¢ Canadian Nuclear Association: Education Web site

@ Print this Page « Canadian Nuclear Society: Information for High School
Science Teachers and Students
kd Share s [AEA Youth Resources
/%", CNSC Named ¢ Canada Museum of Science and Technology: Canada’s
i .! 2 Top 25 Employer First Nuclear Reactor
““n L : - . .
ggp#°  Learn More > & Canadian Science and Engineering Hall of Fame

s Canadian Nuclear FAQs

& Cameco Corporation: Uranium 101

* BBC's Schools Radiation and Matter Web site

¢ Basics of nuclear energy by Dr. David P. Stern Emeritus,
Goddard Space Flight Center

« National Nuclear Science Week Web site (source: LS.
National Museum of Nuclear Science and History Web

% - 1 9) ;
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3. lonising Radiation
3.1 What is Radiation?

The general definition of “Radiation” is given aseegy emitted from a source and traveling
through space. Unfortunately, many members of #rel public define “Radiation”
universally as the release of particles from thelews.

Phrases like “Just Nuke it in the Microwave oveaVé crept into general use. Itis
important to distinguish between the scientific aoa-scientific uses of the term. Cell
phones and microwave oveR® NOT emit ionising radiation!

Most radiation in our environment is Electromago®&adiation, or “Light”. It is usually
described as light waves that come in a rangepactsum” of energies.

The Plank equation Enah demonstrates that the Energy of each photon (qograf
Electromagnetic Radiation is proportional to thegirency of the light wave observed and
inversely proportional to the wavelength.

c=nl
The Electromagnetic Spectrum is usually presenteal chart of wave frequencies or

wavelengths.
<-mmomee- NON-IONISING -------=--=-===mmmm oo oo [----- ionising ---------------- >

[ Radio ] [ Min;rﬂwnue] [Infrarc!d] [ Visible ] [:L:lltrm.ri-::ulﬂtj [ I-ray] [ Gamma Ray ]
10* 107 1 107 10" 10°® 10 ' g
Wavelength in centimeters

About the size of...

plimae & o o

Buildings  Humans  Honey Bee Pinhead Protozoans holecules Atoms Atomic Muclei

% %

When the energy of the EM radiation is very higie wavelengths are so small that wave
effects such as diffraction etc. are usually otonsequence and it is more useful to consider
the radiation as a patrticle of light (photon). Xigar Gamma rays are generally referred to in
this manner.



lonising Radiation Workshop Page 8 of 75
Theory

Of course, not all ionising radiation is electromatic. Energy can be carried from a source to a
detector by subatomic particles moving through spabe most common sources of significant
“particle radiation” are nuclear events. Nucleittaee unstable and undergo spontaneous
emission of energy are called Radioactive.

Both high energy Electromagnetic Radiation andi@adte Radiation can result in electrons
being displaced from atoms and directly or indisebteaking chemical bonds.

When this process results in charged particlesgoeirmed, the Radiation is classed as
“lonising'.

Light of lower energy, or particles without electaharge (e.g. neutrinos) can still transfer
significant energy but do not scatter electrons frem their parent atoms. These are classed as
“Non-ionising Radiatioh (Neutrinos can be ionising via their interactiwith nucleii.)

Although Neutrons have no charge, they constitdtera of ionising radiation. Neutrons have
a short mean free path in material containing nfaydrogen atoms. When energetic neutrons
scatter off a hydrogen (or other) nucleus, the ateceives sufficient energy to break molecular
bonds. Neutron radiation is the most harmful tgpmnising radiation for living organisms per
incident particle — and the least likely to be angered at the earth’s surface.

3.2  Types of Radiation emitted from the Nucleus

One of the paradoxes of the early nuclear mod#ieatom was that many positively charged
protons were concentrated in an incredibly smadlime. This was resolved by assuming that
the protons and neutrons were held together bytrari§ Force” which was transmitted across a
short distance by exchanging a particle calleduaryl Although this force is 137 times as strong
as the electromagnetic force which repels one pristam another, it sometimes does not reach
all the way across the nucleus.

Thus some larger nuclei are unstable and undergoges that increase their stability.
These result in energy being released from thesngclcarried away by particles.

The three types of ionising radiation commonly dgsed are:

Alpha () particles
Beta () particles
Gamma () rays

These names were assigned by Lord Ernest Ruthezéolgin the 28) Century. The names
were picked presumably because Rutherford hadsaictd education, and “a, b, ¢” would have
been less scientific-sounding.

Alpha Radiation:

When nuclei have “too many protons” to be stallleytoften emit particles containing (only)
two protons and two neutrons (identical to a heldumucleus). These are knownadgha
particles
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e ZRm® Z%Po+;He (+5.56MeV)

The alpha particle is ejected with most of the gneelease without accompanying electrons,
and so has a +2 charge. Within a few centimetrésawél through air, collisions with molecules
slow these particles enough to pick up electroosifother atoms and turn into neutral Helium
atoms. Although Alpha particles can be stopped blieet of writing paper, their momentum
and their ability to break chemical bonds can ftesusignificant harm if an alpha-emitting
isotope is ingested or breathed into the lungs.

Radon gas results from the decay of trace amodingsanium and thorium atoms in rock,
concrete, soil, and well water and can accumurafbrly ventilated areas such as a basement.
The above decay of Radon is followed quickly byaes of decays (longest intermediate half-
life is °Pb at 22.2 years) that lead to the stable isofffi# while emitting 3 more alpha

particles and 4 betaj particles. If the first product Po or one of the intermediate products
lodges in the lungs, the resulting damage may tie&acreased risk of cancer.
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When nuclei have “too many neutrons” to be stadnheglectron can be ejected from the nucleus
as a neutron changes into a proton. This is as@mymon mode of radioactive decay and often
occurs within a decay sequence as an unstableesactmverts through a series of changes into
a stable atom. Whereas alpha decay is most oftaniséneavy atoms, beta decays occur over
the whole spectrum of atomic masses.

lodine 131 is used in medical treatment of thymigbrders. It decays with a half-life of 8 days
as:

SA® o Xer je+0.97MeV

)
$ BB B, k BO
| "
133
Xe
>/ ixe ixe o
) ) ’
" \,
! I !
130| 131| 132|
S< 53 53 53
.*;<4 ,;+*>* *;*0>

A more famous beta-emitter is carbon-14 that istkegstimating the age of organic material.

This unstable isotope forms in the upper atmospagi@result of a collision of a low-energy
neutron produced by a cosmic ray interaction withriucleus of a nitrogen atom. A high-
energy proton is released and the nucleus is ctet/es*;C.

The %C isotope has a half-life of 5730 years and decays a

YC® YN+ Je+156keV
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One might expect that a certain, constant amouahefgy would be carried away by each beta
particle from a given nuclear decay, but in fasaeple of carbon-14 (or any other beta-emitter)
ejects beta particles with a whole range of energeow the maximum energy expected.

The data for C-14 shows that nearly 100% are afiglesenergy, 49.47 keV. To account for
this effect, it was first suggested in 1930 by Watig Pauli and proposed in detail by Enrico
Fermi, four years later, that a neutral particleih@ a very small mass called a neutrino is
ejected in each beta decay. This unseen partiaiesaff the energy not removed by the beta
particle. Experimental evidence was not confirmetll 1956 and even yet, neutrinos are
extremely difficult to detect.

Thus the above equation should be written as:
YC® YN+ e+ +156keV

Beta particles can travel from 6 to 300 cm in degending on their energy) but are stopped by
about 4 mm of skin or a foil of aluminum metal.

Gamma Radiation

The electromagnetic spectrum shows that EM wavesarage from hundreds of metres in
length to wavelengths that are smaller than theetar of an atomic nucleus. When
wavelengths are fractions of a nanometre, the grisngore easily characterized as exhibiting
properties of a particle (called a photon). Gamayaphotons have the highest energies
observed in the EM spectrum.

The nuclear decays that release Beta particlen tdfteve the nucleus with an excess of energy.
The nucleus may retain this energy for a while,thah emits it in the form of a gamma ray as it
makes a transition to a more stable state.

Gamma rays interact with matter in ways similaktoays. They pass through most matter
unaffected, but sometimes they can scatter offestren, transferring enough energy to cause
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it to escape from its atom and perhaps break aiclaébond. Since they penetrate the human
body, such damage can occur deep within tissuefofa the source of the radiation. The
resulting damage may or may not be significandalinage to a cell’'s genetic material results,
the cell may die, it may be damaged and repained,noay mutate into a cancer cell, or if it is
already a cancer cell, the damage may cause th cié. Intense sources of gamma radiation
from Cobalt-60, Cesium-137 and electron accelesadog used to irradiate tumours to Kill
cancer cells in this way.

The penetrating power of gamma rays make them fdeahany industrial processes, making
non-invasive scans of welds and other manufactpaets$ to reveal defects invisible to the
naked eye, or even to x-ray analysis.

Neutrons:

Under some conditions, a nucleus split into twdgpérndergoes fission) and this process can
result in the ejection of neutrons that carry awagrgy. Only two naturally-occurring isotopes,
233U and®**Th undergo spontaneous fission in this way.

If beryllium atoms are mixed with an alpha emittach as?’Rn, the interactions (‘collisions’)
between the alpha particles &l nuclei produce neutrons.

9 4 12 1
,Ber,He® TC+in

James Chadwick used this reaction in his experisndatt established the properties of neutrons
in 1932.

Today, the most important technological sourceeaftrons is the controlled chain-reaction
fission of uranium. Fast neutrons ejected fronsaifin event are slowed down by passing
through a moderator such as water (light wateg©,Hbr heavy water — D ) or carbon
(graphite). The slowed “thermal” neutrons are measily captured by collision with other
uranium nuclei. These in turn, become unstableusnai@rgo fission in one of two ways typified
as:

235 14 L@ 93Ky 414 1
o +oN® Kr+Ba+3;n
23 1@y 90Q .y 144 1

925U+on® 3e o 5, X€+25N

The energy released from this event is mainly enfdrm of the Kinetic Energy of the fission
fragments that along with some Gamma radiationelemased immediately. More energy is
released as the fission fragment nuclei decay kapitb more stable species.
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Source Energy (MeV) +
KE of fission fragments 167 5
Gamma released 6 1
Neutrons released 5
Gamma from decays 6 1
Betas from decays 8 1pb
Neutrinos 12 2.5
Total Energy 204 7
from event

80% of this energy is available “promptly”

The heat released by these events is transfer@avider coolant and carried away from the

core of a nuclear reactor and then used to boiémiato steam. The pressurized steam is used to
turn turbines, which generate electricity. In puessed water reactor designs, the water that
carries heat away from the reactor core and therwateam that turns the turbines are in
separate closed loops. The water that cools daeis kept within the containment building.
External water is used to condense the steam xitattke turbine and carries the low-
temperature heat energy away from the plant tasmhdrged to the environment either in a

lake or ocean, or via evaporation into the atmosph&ome power plants use their “waste heat”

for district or industrial heating.
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3.3 Detecting Radiation

Detector technology characteristics must match Vesngth / energy per photon

o Radio frequency (10 Hz to 900 MHz)
Antenna of appropriate dimensions
o0 Microwave (500 MHz to 10 GHz)
Resonant cavity
Low noise detector

o Infrared
Absorber + thermometer (e.g., human hand)
o Visible Light

Photochemical receptors (eyes), films (cameras)
Photoelectric detectors (television cameras)
Solid state detectors (television, digital cameras)
o Ultraviolet (ionising)
Photochemical receptors (birds’ eyes)
Others as per visible light
o0 X-ray / Gamma Ray and Sub-atomic particles
Photochemical films
Gas discharge (Geiger)
Cloud Chambers (track detectors)
Scintillators (Nal — Li, liquid)
Solid state detectors (GelLi, thermoluminescent)
o Neutrons
Fission Counters
lon chambers
®*He detectors
o Neutrinos
SNO detector: large volume of heavy water
others: large volume of light water, carbon tdttadde, ...
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Blue Balloon charged with microfibre cloth
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Counts per minute for balloon, paper to absorb
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Model of Radon Progeny Activity
Local equilibrium assumed ad hoc collection
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The Canadian Nuclear Society (CNS) provides Canadraerested in nuclear science and technology
with a forum for technical and related discussidihe CNS endeavours to improve public knowledge in
this area, through educational initiatives and iogal contact with CNS members. Many of our
members are scientists and engineers working ifidlts of nuclear science and technology. They
comprise a valuable knowledge resource.

The following are three ways that you can access#source:

1. CNS Education and Communication Committee
This committee exists to facilitate the exchangafafrmation between CNS members and the
public, and to develop educational programs infiigrd. As a science educator, your input is
important in ensuring that we allocated CNS resesimghere it is needed the most.

Contact: Dr. Jeremy Whitlock, emailvhitlockj@aecl.caphone: 613-584-8811
AECL, Chalk River, Ontario, KOJ 1J0

or Peter Lang CNS-ECC, emailang@drlogick.comphone: 705-466-6136
2910 Concession 8, R.R. #1 Glen Huron, Ontario 110/
or Bryan White, emailbryan.white.cns@gmail.conphone 613-584-4629

PO Box 1883, Deep River, Ontario, KOJ 1P0O

2. CNS Internet Website

The CNS is on the Web atww.cns-snc.cakFrom here you can find information on national
and local programs, and read more about the obgsctif the Society. The website is
administered by the Internet committee of the CNBe CNS Office can be emailed at
cns-snc@on.aibn.com.

3. Local CNS Branches

There are fourteen local branches of the CNSym ffirovinces. Each branch holds meetings
with interesting speakers, and the public is welkea@mattend. These branches may also receive
a portion of the CNS Education Fund, to be adnmeénést locally (for science fair prizes,
assistance in obtaining special equipment for bifiool science experiments, scholarships). In
addition, each branch represents a local wealdxpértise that can be drawn upon for classroom
presentations, participation in science fairs ah@rocommunity events, or simply to answer
guestions. Listed below are the contact persansdoh branch (usually the chairperson of the
branch executive). Contact can also be made vianain website, given above.

Alberta Golden Horseshoe Pickering Toronto
Duane Pendergast (Hamilton) Leon Simeon Joshua Guin
403 328-1804 Kurt Stoll 905-839-1151 x5477 416-592-7706
chs@computare.org 905-525-9140
stollk@mcmaster.ca
Bruce Manitoba Québec UOIT (Oshawa)
John Krane Jason Martino Michel Saint-Denis Kale Stallaert
519-361-4286 204-345-8625 x244 514-875-3452 905-436-7161
kale.stallaert@uoit.ca
Chalk River New Brunswick Saskatchewan
Ruxandra Dranga Mark Mclintyre Walter Keyes
613-584-8811 506-659-7636 306-586-9536
Walter.Keyes@sasktel.net
Darlington Ottawa Sheridan Park
Jacques Plourde Mike Taylor (Mississauga)
905-623-6670 x 7348 613-692-1040 Peter Schwanke

905-823-9060
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back
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Vintage Camera Lens Activity Measurements
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AECL, CANDU Reactors

Atomic Energy of Canada Ltd.

www.aecl.ca

AECL, Education

Atomic Energy of Canada Ltd.

www.aecl.ca/Resources.htm

Canadian Nuclear FAQ

Dr. Jeremy Whitlock

www.nuclearfag.ca/

Canadian Nuclear Industry
Tammemagi/Jackson book:

Canadian Nuclear Association
Half-Lives - A Guide to Nuclear Technology in Canada

www.cha.ca
www.cna.ca/english/pdf/publications/Half-Lives.pdf

Canadian Research
Reactors

Atomic Energy of Canada Ltd. history

CBC Archives

ZEEP

NRU

Algonquin College

McMaster Nuclear Reactor

Slowpoke University of Alberta
Dalhousie University
Ecole Polytechnique

Saskatchewan Research Council

www.aecl.ca/Science/RR/History.htm

http://archives.cbc.ca/science technology/energy production/clips/893/
www.cns-snc.ca/history/ZEEP/ZEEP _AECL1970.pdf
www.aecl.ca/Science/CRL/NRU.htm  www.nrucanada.ca/en/default.htm
www.nrureactor.ca
www.science.mcmaster.ca/mnr/Main-Page/Frameset-homepage.htm
mnr.mcmaster.ca

www.ualberta.ca/~slowpoke/
http://environmentalhealthandsafetyoffice.dal.ca/slowpoke.htm
www.polymtl.ca/nucleaire/en/LTN/SLP.php
www.src.sk.ca/html/labs_facilities/analytical labs/index.cfm

Canadian Utility

Bruce Power

www.brucepower.com/pagecontent.aspx?navuid=1

Canadian Utility

Hydro-Québec

www.hydroquebec.com/generation/classics/nuclear/gentilly 2/index.html

Canadian Utility

New Brunswick Power
Pt. Lepreau Refurbishment

http://nbpower.com/html/en/about/operating/nuclear.html
poweringthefuture.nbpower.com/en/Default.asp

Canadian Utility

Ontario Power Generation

www.opg.com/index.asp

CNA Education

Canadian Nuclear Association

www.cna.ca/curriculum/default.asp

CNS Education Page

Canadian Nuclear Society

WWW.cns-snc.ca/cns/education-communications

CNSC Education Page

Canadian Nuclear Safety Commission

http://www.nuclearsafety.qgc.ca/eng/educational-resources/index.cfm#

Cosmic Origins of Uranium

World Nuclear Association

www.world-nuclear.org/info/inf78.html|

Cosmic Rays

Moscow Neutron Monitor

http://helios.izmiran.rssi.ru/cosray/main.htm

Education / Radiation

CBC Radio archives, Montreal Laboratory 1945
Yes | Can Science Electromagnetic Radiation

Measuring Radiation — EVARMS

lonising Radiation Unit

http://archives.cbc.ca/science technology/energy production/clips/889/
http://resources.yesican-

science.cal/trek/radiation/final/index _em_ matter.html
http://resources.yesican-

science.cal/trek/radiation/final/index EVARMS.html
http://radarsat.space.gc.ca/eng/educators/resources/evarm/gradell/mea

suring.asp
resources.yesican-science.ca/trek/radiation/final/index.html

Energy Supply

Nobody's Fuel

www.nobodysfuel.com/intro.html
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Energy Units

Digg, spiral of energy scale — 100 orders of magnitude

http://media.photobucket.com/image/recent/drenka2busy/Nerdy
stuff/energy-scale-100-orders-of-magnitud.jpg

Gamma Rays

NASA

http://science.hg.nasa.gov/kids/imagers/ems/gamma.html

Geiger detectors, software

Aware Electronics Corporation

www.aw-el.com/

Geiger detectors, software

Black Cat Systems (Windows® and Mac)

www.blackcatsystems.com/GM/GeigerCounters.html

Geiger tubes

LND Inc.

www.Indinc.com/

Industrial Radioisotopes

World Nuclear Association

www.world-nuclear.org/info/inf56.html|

Interactive Chart of the
Nuclides

National Nuclear Data Centre, Brookhaven National
Laboratory

www.nndc.bnl.gov/chart/

International Nuclear
Industry

International Atomic Energy Agency
World Nuclear Association (photos)
Power Plants Around the World

World Association of Nuclear Operators

www.iaea.org/
www.world-nuclear.org/

www.industcards.com/ppworld.htm#fuel%20cell%20power%20plants
WWW.wano.org.uk/

lonising and Non-ionising US EPA www.epa.gov/rpdweb00/understand/ionize _nonionize.html
Radiation
lonisation Energy US NIST periodic table with www.hist.gov/physlab/data/upload/periodic-table.pdf

html file

http://physics.nist.gov/PhysRefData/lonEnergy/tbINew. html

Lord Ernest Rutherford
Museum

Professor John Campbell (biographer)
McGill University

www.rutherford.org.nz
www.physics.mcgill.ca/museum/rutherford museum.htm

Medical Radioisotopes

MDS Nordion
World Nuclear Association
You Tube technetium scintigraphy

www.mds.nordion.com
www.world-nuclear.org/info/inf55.html
www.youtube.com/watch?v=MjOHDN82Pfo

Modern Physics for HS

Roberta Tevlin

http://roberta.tevlin.ca/

Neutrinos

Geoneutrinos

Laboratoire d’Annecy-le-Vieux de Physique des
Particules, CEDEX France
University of lllinois at Urbana, Astronomy Dept.

www.lapp.in2p3.fr/neutrinos/anhistory.html

www.astro.uiuc.edu/~bdfields/geoneutrinos.html

Neutrinos — SNO Lab

Queen’s University

www.sno.phy.queensu.ca/

Neutron Scattering

National Research Council
Canadian Neutron Beam Centre

http://neutron.nrc-cnrc.gc.ca/lhome _e.html

Nuclear Energy Basics

University of British Columbia Faculty of Science

http://c21.phas.ubc.cal/article/nuclear-energy-basics

Nuclear Wall Chart

Lawrence Livermore Laboratories

www.|bl.gov/abc/wallchart/quide.html

Nuclides Nucleonica http://www.nucleonica.net/poster.aspx
NORM Transportation Health Canada www.hc-sc.gc.ca/ewh-semt/pubs/contaminants/norm-mrn/index-eng.php
NORM Specialists NORMCAN http://www.normcan.com/start.html

Periodic Table

Radiochemistry Society

www.radiochemistry.org/periodictable/index.shtml

Periodic Table — song

Tom Lehrer's Elements song animated with table

www.youtube.com/watch?v=SmwlzwGMMwc
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www.youtube.com/watch?v=GFIvXVMblI0
http://video.google.cal/videoplay?docid=-
7098049931934196791&ei=YrLTSdeoCogW AGzvZGFCg&qg=tom+ ehr
ert+site+elements+song

Physical Scales

Scale of the Universe -

http://primaxstudio.com/stuff/scale of universe/

Physics Demo

Awesome cloud chamber video / Berlin

www.youtube.com/watch?v=EfgylbV2aQo

Physics Demos

CNS Mousetrap & Superball Chain Reaction

WWW.cns-snc.ca/ecc/cns chain reaction.wmv

Physics Demos

St. Mary’'s University

including mousetrap reactor

www.ap.smu.ca/demonstrations/

Physics Demos

Ithaca Science Center

Mousetrap Cascade

www.youtube.com/watch?v=XHitaEy-Xtg

Physics Education Project

Contemporary Physics Education Project

www.cpepweb.org/

Planck’s Constant

Perimeter Institute

high school experiment

www.perimeterinstitute.ca/en/Outreach/Plancks Constant/Measuring_Pla
nck’s Constant%3A Introduction/

Particle Decay

Berkley Lab

The Particle Adventure

www.particleadventure.org/decay _intro.html

Particle Physics for teachers

Berkley Lab

The Particle Adventure

www.particleadventure.org/edumat.html

Radiation & Radioactivity

Consumer Products

Wilhelm Roentgen Radiation
effects

NORM

Natural Reactors — Oklo
Terrestrial Radiation

Energy to decay / random #
Quantum vacuum fluctuation
Radiometric Time Scale
Glossary / Decay Animations

Canadian Nuclear Association
US Government

Health Physics Society

Oak Ridge Area Universities
Resonance Publications

UN — Scientific Committee Effects Atomic Radiation

Idaho State University

Curtin University of Technology, Australia
Twin Health Group, Japan ?

Fourmilab (Switzerland, not Fermilab)
Absolute Astronomy

US Geological Survey

Lawrence Berkeley National Laboratory

www.cna.ca/english/facts.asp
www.epa.gov/rpdweb00/understand/index.html
www.hps.org/
www.orau.org/ptp/collection/consumer%20products/consumer.htm
www.resonancepub.com/wroentgen.htm
www.unscear.org/unscear/en/publications.html
www.physics.isu.edu/radinf/natural.htm
www.oklo.curtin.edu.au/
www.taishitsu.or.jp/radiation/index-e.html
www.fourmilab.ch/hotbits/how3.html
www.absoluteastronomy.com/topics/Radioactive _decay
http://pubs.usgs.gov/gip/geotime/radiometric.html
http://ie.lbl.gov/education/glossary/glossaryf.htm

Radiation Epidemiology

National Council on Radiation Protection &
Measurements

www.ncrponline.org/PDFs/Boice.pdf

Radiation Geophysics

Geological Survey of Canada

http://gsc.nrcan.gc.ca/gamma/dist/index_e.php

Radioactive Substances in
Compact Fluorescent Lamps

NEMA Standard LSD 15-1993 (R2001)

www.nema.org/stds/Isd15.cfm

Radioactive tracers

Bizarre 1950s TV commercial on YouTube

www.youtube.com/watch?v=90Q1gksqghLU&NR=1

Radioisotopes -- uses

US Nuclear Regulatory Commission

www.nrc.gov/reading-rm/doc-
collections/nuregs/brochures/br0217/r1/br0217r1.pdf

US EPA

http://www.epa.gov/radiation/source-reduction-
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management/radionuclides.html

www.hc-sc.gc.ca/hl-vs/iyvh-vsv/environ/radon-eng.php
www.cmhc-schl.gc.ca/odpub/pdf/61945.pdf

Radon Health Canada
Home Owners | & Canada Mortgage & Housing Corporation
Safety Canadian Nuclear Safety Commission

Nuclear Substances ... Regulations SOR /2000-207

www.nuclearsafety.gc.ca/eng/
www.nuclearsafety.gc.ca/pubs_catalogue/uploads/Sor207.pdf

Science Workbooks, lesson
plans, Australian context

Australian Nuclear Science and Technology Org.

www.ansto.gov.au/education_resources

Shielding Harvard http://www.fas.harvard.edu/~scdiroff/lds/QuantumRelativity/Penetrationan
dShielding/PenetrationandShielding.html|
Sources of Radioactivity D.R. Lapp http://scitation.aip.org/journals/doc/PHTEAH-

ft/vol 48/iss 2/90 1.html?bypassSSO=1

Sticky Tape Gamma

Physics Dept., UCLA video

www.nature.com/nature/videoarchive/x-rays/

Sustainable Energy — without
the hot air

David MacKay, U. of Cambridge free e-book

www.withouthotair.com/

The Standard Model

Lawrence Berkeley National Laboratory

www.particleadventure.org/decay _intro.html

Uranium
In drinking water

Cameco Corp. Educational Material
Canadian Medical Association Journal

www.cameco.com/uranium_101/
www.cmaj.ca/cgi/content/full/170/6/951

US Nuclear Industry

Whatisnuclear.com

www.whatisnuclear.com/

Vaseline Glass

Oak Ridge Area Universities

www.orau.org/ptp/collection/consumer products/vaseline.htm

Web driven nuclear science

Nucleonica

www.nucleonica.net/index.aspx




