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O00M00DF radiation being Earth’s rocks and outer space.
Nearly half 00000 00MOO0COMODOOOMODOONOMOO MOmMmm
I00MO0MO0mMOMIDOImO M 00MOMMO0MOCIMoDMINODmoD 0og
[0 noD0MDIuses like power plants. There are many
misconceptions, 000 DO0MDOO0OIMOIDOMONDM DODOOMOOD M
DoMoomomimInmImoo000DmO00MD mMDooo moo

0 MO000DOOnoomo0Oo0mMabout radiation. Through a series
of investigations, they will DD0MIIDOMOMOOOMOOMmOO

0 0000ODOODOMOn0MO0Mo0MO0Rhe relative risks and
benefits. Students will discover that some radiation is
beneficial and some presents risks but that OO 000000
O00oO0IMmOmMOOD M mMOMMmOOn 0000MM 00T hey will apply
what they learn to explain and communicate IOMOMOO0O
000MOODOIMMMONOmMOD D0O0ODOODOMODOONdetecting
smoke in their homes, determining the properties O0NMOO

0 000OD0mMOooOnomO0mmnO0 MO000MOmomO 00MmMODO0mo
000D 0o

0 00000DOmM 00O DOD Mo oo0hoih MIDIDoooooo
0000000 0mao

Duration
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Content Areas
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Grade Level
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Essential Questions

00 000 DODODOmONDmMOm DODObmMbOpoom 00m
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00 How can we detect the different kinds of radiation?
00 000 mMODIMOO0mOnCmOmMO00000n DMO0MO00 00ma

National Standards

00000 000MONOMO0mMO00MMOO00M0O0m o ooo

PS1.A: Structure and
Properties of Matter

Developing and Using Models

Develop a model to predict and/
or describe phenomena.

Each pure substance has
characteristic physical and
chemical properties (for any bulk
quantity under given conditions)

Crosscutting Concept

Scale, Proportion, and Quantity

Time, space, and energy
phenomena can be observed at
various scales using models to
study systems that are too large or
too small.

that can be used to identify it.

Asking Questions and Defining
Problems

Define a design problem that Problem

can be solved through the
development of an object, tool,

ETS1.A: Defining and
Delimiting an Engineering

The more precisely a design
task’s criteria and constraints

Influence of Science,
Engineering, and Technology
on Society and the Natural
World

All human activity draws on natural
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process or system and includes
multiple criteria and constraints,
including scientific knowledge
that may limit possible solutions.

0 00000DOmM 00O DOD Mo oo0hoih MIDIDoooooo

can be defined, the more likely
it is that the designed solution
will be successful. Specification
of constraints includes
consideration of scientific
principles and other relevant
knowledge that is likely to limit
possible solutions.

000000 00 000MOmMOmM 0000Momo
O0mOomon

0MOMONOmMO00000 M Oonomom
and then modified on the basis
0O DONOMDODODOmm Mmoo
improve it. There are systematic

O0000MOm omao

resources and has both short and
long-term consequences, positive
as well as negative, for the

health of people and the natural
environment.

The uses of technologies and
limitations on their use are driven
by individual or societal needs,
desires, and values; by the
findings of scientific research; and
by differences in such factors as
climate, natural resources, and
economic conditions.

0MO0DOOOIDODO0MOOn0momaonnoa
0 IDIMO000OMO0 M Dmmooa
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Materials
o[ |0 00 00MIMMODDOOMOONONOODMmMAOn

o[|Comparing Electromagnetic and Nuclear Radiation
0MO00OD0ONINmMO0CONO00mMO0Nmooom

o[ ITHINK-PAIR-SHARE student activity sheet
[MO0MOONmooom

*[]0 00OD 0WDOD 0000

o[|Materials students can test for radiation: Rocks (granite),
MO0Onooo0o0ImOomoMmIMmODmoo 00MONODmo 0O0000oa
and textbook

0 D000 0mOIDO00MINmIDONOINo DOMmMONDODmMmOmoOnano
measure ionizing radiation. This instrument allows students
[MIDDONO 0ODOIMoMOn0mo0ModmOMm 000Omomomom
Listed below are different ways to aquire this piece of
000MO 00D ONO0ODmEomon m

e[|0 00MOOD00ODMMADNO 00D MM 000D 00 Omom
00 0MDO0D0m 000000 DOODMO0MOODooID 00omOmoo
0000MOobO0ODm 0modD DIDODDmMOMMmMOLDM boma
0 MDOODOWDOODO0 Mom

o[|Contact the ANS local or student section in your area.

e[|0 00MOODOMOOIDOMOMIDIDOOD00MMO0MOODO0mO00mo
000D0OD 0bm

e[| 0MO000MO0ODOD00OD0000MDMmO00Manoon
0nomnomoomo

Obijectives
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Momoomoon
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*[|000MO0MONMO0 0 O0MOMANOMOMO00MO0MOmonn
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Background

0D IDOINMONOO0OODMO00MDODDMDOODD moom o
0000 MDIOnmoMmoo0DINW MM Lb0n0bOooomooo
electrons. Specifically, they should know that nuclei
0000MIDIDDDMOIMOIMODID00MO0IDOMIDmMO0moOnooma
size based on the element. They should know the basic
IIDINDIODOIMNDO Mo0ODO0OhmMOODO0MIDOmMDmMmooog
the atomic nucleus. They should know radiation can be in
MOIDM MODOOnmiMM OO OCONO0OIN000D00 MIDOD oo m
0 00000000 0 0MOnOnoom
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Procedure
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[0 0MOIMOOnIMONO0INMOMOIMOID0MO0MO0D o
MOO00IDDODMmMOODMmMO0D 0mMmMIDOmMomMomOonomao
M 0MOMmmMmMOOON 00MON0mM 000000 dnomooa
Link to Video: 0ODOMIN 0 0 [MO0MOOODOMONOMOMOMMO
000MmomOmomona
0aonmooa
OUGive students the link and direct them to fill out the
O0MOmmmrIoom o0Mo00InNmomoImoo Imoooo
OMOO0MImmOOmOoooan0oino0 00mmmoooomoom
Jmoommoon 00moOn IDomoo0000dmoC0o0mom ooomooo
OMIMOO0MONOOmODMnINOMmO0m 00MoOmo0Omoo
0 IDIMmMOm MOmMOmmOO0mONOnoomoo DODnmam

onflINInoNmioRmiomo0 DMmMOODDmMOmOMD DO mom
IID00MIDODMO00MIMDODIDMO0mMOD 00MOINDa m
Note the sources to which students were exposed
and which sources were most significant.

ODAsk students if they think there are sources of
MOmOnOMMoINDDIMNMOINIDOm 00 Momommam
000 Mo0mInoom 0oo0MOnoOnomOnomoo Moo 0
0000MOmDO0mo0mooon

ODAsk students why some sources of radiation are
high (like radon) and others are low (like nuclear
000 00D MO 000MmMO00Mm Dmommodnmoon
D000 0ODOMOmo0 0000 MOo00MWo0moomom
MO0MOnOmOmommm

Slide 2

e[|000M0 ODOOMOO00MOMOMmOCOD MIDOONMOMm 000moo000

Slide 3

o[|Review the background for the three-day lesson.

0 00000DOmM 00O DOD Mo oo0hoih MIDIDoooooo
0000000 0mao

Slide 4

o[|Pass out the Think-Pair-Share Capture Sheet.

o[|Give students an opportunity to complete the first
000 DMOMOMODIDmMoooOn D oanomoooomoog
individually. Then, invite students to share their
MO000000M MMM OIDDO0 MO0 0mmOInomooooo
000 DOINOWDOIN 00D 000000000 MM 0MDMO00Mmo00m
0000 000MWO0M MDO0MI MOIDOODoOnOmommooo
They should focus on items on which they disagree.

*[]0 DD 0DDO00MIDMO0MINOIDO00 0MIDInoo0
00000 DOMOmDbmODIDOMDOMD D MIDMO Mo DODmoma
Mo000000OnOmoDON0IDmO moo
ouf0MOnOmMODOMIDIMOMmOmO MOMOmMONOLMOMIDom
00 000OODD0MO0IDIDDmMmOo0mD MM bMumoo
MDDOIDDOODOODINmOOD DO

OOMany of the stated risks will be inaccurate, including
MOODOMOINOMOODOOIDON 0 DO0MMIDO0MDOImom
MOMONDmMmOommoD DOmmO MODMOON00 DODmomm
The risks of radiation are health-related, but the
degree of potential positive health effects depends
00000mMEb0000MaOnoomm

OO0The biggest benefits of radiation include medical
applications, like detecting broken bones, sterilizing
equipment, and attacking cancerous growths. It is
also used in smoke detectors, for dating artifacts
000NO0MOD0mM DOm0 CONMDImoIDmamooo
MOOCMDOMOD0mMEmMOoDoONoamoo

o IMODmMIMOMDOmMONOm 0 0MO0D 0OD000mMmma
and scintillators, which luminesce when struck
O00OnOmMImOODOmOomom

e[IDirect the class to keep an eye out for information that
M MOIDDIID I mD DOCmMO 000D 00000000D0momon
000000000000 DMO0MOnO00mMm mMoDooboOnoom o
MOIMmO0mMEIDODODOMON M 0OD00D00Dmmonnoon
0 MO00000Omono

Center for Nuclear Science
and Technology Information

®AN


https://www.epa.gov/radiation/calculate-your-radiation-dose
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Slide 5

[|Distribute the Comparing Electromagnetic and Nuclear
Radiation sentence framework. Show the video,
I O0MONOM 0000M0000NMOADO0dNOIDMmO00man
000 00MmMD0MO0ONCODmMOOnD 0000ODanomaonomea
000momomomon

Slide 6

[]000 0 0OMOIDO MO0 OOnOmD MO0 00 000 00 MmO
O000ICODDONOOOMO0A0omD 000MODOno0 MOnomnmog
0moOmo DODOOMOmDmOnommOm M- [ Omo0m 00D 00 oomm
waves. Nuclear radiation originates in the atomic nucleus.
IIIWODmOM AN DONmEIDOOnoo 0mModninmocmooo
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000mD 000ONM M DONOmMDOmO00dnOD0Mm omoo00omon
000 0 D0MO0MO0MOmoMOnDOn DO0MDO0DMOn 00Omo
general or specific sources of radiation.

Slide 8

o[|Recall the definition of ionizing radiation: it creates
ions of atoms by stripping them of electrons. Note
OO0 0IMDOD 0IINOODMOD 0000MOIDDIDDDOnomo
capturing the stripped electrons. The stripped electrons
0 000IIMO0DIMI MIDDMDOO00MID 0MOID0MMmana
event by incrementing the counter and making a beep
or a click.

[JIINO0MO0MODIDIND M 000D 0IMID000MMIDMmO
DODDNOtIIIDDDODMNOIDDON00bMMO0moomoon
0 000D DmmOmooomm

*[|Give groups a series of items that includes rocks,
especially granite; food, especially bananas; a smoke
00MOMOMNOMMmOmOmDImmOD 00MOINONMO 0Onooooo
their textbook; the floor tiles; the walls of the room; and
0I0Omo oo

*[]0 D00MIMOO0MM MO MID 0MOMDO O MD000M0momom
MO0MIDOMOMONIMO0 MO0 MDD 0D Mo mOmooo

o[|Have students measure the background radiation
0O moOnoo DbMDmm bOomoo

[0 000MMOO0MINIMDOIMNOONOM OO MOMmMO0 M 00mo
measure the radiation counts. The information students
O00mMOmmEOn MDO000O0MOODOO000MOD DmMO0m Dmo
0000MONDOmMmOo00mo0moma

o[]0 DIDOODOM M DUMDDOOIN MO000M OO MID00 Mo0mo0
MiMODIDOIDOIMDOODOIDOMOMOMIDOOD DMMO [mo
DO 00D OMmoObomonoo

e[ |0 000O00MmMO0MmO00M OO0 OO MDD M0 MO0 0000 000
0 MOO00D0ODOOM D IDDO0mMON0mMO00OmiODomOnbanoo
would be emitted by the different potential sources?
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0000000 0mao

Slide 9

e[ |Review how the types of radiation can be blocked by
different items.

e[ISpecifically note that paper can block alpha particles
and aluminum foil can block beta particles.

e[ |0 MIOIONMOO0MIDMOOMOMMDMO000MD 00Mo0ooon
can differentiate among the types of radiation that they
0Dmomoanoag
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00MOMIMDbO0mOMOMNIDDm MO 00 DD 0oMO0mooo
MmMODO00MDmMmMOMD MOOOIDDMNMDoMO0On0m oo
0MCmoomono

Slide 10

e[]Ask students the following questions:
OOWhy might a respirator (gas mask) be useful when
working with radiation?

oub 00 MODMIMoiMIMIMOONo0MOMIDD dh0mOnoo
MMOo0mmo

Ol 00IDINOmMmbmboOmDMimomboOnooooomo
[Danomomoo
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0 00MO00MOIDODMOMONOO D MO 00D MDD 00000000

Slide 11

e[ |0 0MOMOMMOMMDO0OMMO00MD 0MOoD0mmoon
“Celebrating 20 Years of Cyberknife Technology” from
00D 0Mommo
Video is available at this link:

000000 000MIMOMIDmMONMO00OnMm O
0onmooa
OlBefore showing the video to the students, briefly
describe the Cyberknife. The Cyberknife is a robotic
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https://radonc.stanford.edu/about.html 

0 00000DOmM 00O DOD Mo oo0hoih MIDIDoooooo
0000000 0mao

NAVIGATING /7
NUCLEAR

Energizing Our World

I 000MOmMODOD0mMODMmOINo0mO 00 DmMOm 00000
MM ooIMIDMIMOMImOIDDIDDO0MDOOD0Oomm
MOiMO00ODOno0Mmo0@IDOOmo M0N0 nmo maoo
accurately direct radiation to specific locations in
MOMO00D DOm0 00D M 0D moOmno 0mmooo
0000DONCCmME0 DODONmMOODOD0MOmMmomo

OOThen, show the video and direct students to take
00MOIDmMOO0 DODmMO00MONOD 0000no0dnooomon
M0N0 MOOD 00DoiMOmImOnomibboIooo
Cyberknife use? Why would that radiation be used
000MDON0D DIMMDODO00M 0000 00MOIN0ODomanoo
00IDODOMDO00MObmomma

OUAfter briefly discussing the Cyberknife, discuss
0MOdmm 0MOIDo0MmoOD 00mmodnoom D0Moooano
M0 MOIMO00OMID D00 MAOn DMOmomMNONo0monaa
0IOOMO0MOMOMIDOOno0000DMO00000DMOIDOnon
DOMOMoOnoom MOOooomoamo mopoom
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(0000 MOMDOMOMMMOMO0MOMO0MO0M D0 mOmoo

This data is for the average American over the course
of a year and comes from the National Council on
000MINDIMIDMOOUOM D 0OO0MD o000 0o0mMmoooma
0000MO0C MO0ODOMImMODDoooOnoo Moo 00MaOnoooo
MO0IDID M0 O DO MOn 0 M 0 00mMOMOmOn O
Ask them the following questions.

onf il MboMoiMNIIIMmOMOnoMmombmOnomon bomo

MID0moomooog

Ooull 00N mOOODOmO om

OOWhat sources cause the largest difference?

*[|Note that the greatest nuclear power plant accident in
American history was at Three Mile Island. This resulted
IDIDOIOIDOOIND MO0 DOm0MOnimImimm mmo
0000MOIMIWOMODOOOIDDMNINON OO 0 0 MMmooo
MO0mOfn MODMOMMOOn0o0N00n000MmO MONMMM [m

o[J000D00 00MDO0ODOMOINOODMMOOMDO0mMO00000M0 OO0 m
mrem per 1,000 miles travelled. The trip from New York
MMOOM 00 0mMoOnan D00 MO0mM mMOMO0IDo0MmOnmo
additional 2.5 mrem of radiation. This is more than twice
MI0MOD0IMDO OO0 0MODDomMODoD DODmMOoODO0m 00 m
00 DODDOMmmmo

o[]If time allows, direct students to find the radiation
000000MODO MOODOMIDO000DMmM DO DM DM Mo
0o00MIDOOODOOMMOOmOomODMIN0O0MO0MOm0maOmoo

Slide 13

e[ |0 MDIDNMO00MINMOOO MOMO00 0MOMOmOmon0mo
radiation (e.g., smoke detectors, scanning technologies
at ports, and measuring high-mass nuclei). They
0000MMO0IMm 0OODO0MnOMODODmMOnD00ODoOnoooo
DDO0MmMODODOMOOOmMODMOMO0MOmot0moobOnoo
may want to break up the class into small groups

0 00000DOmM 00O DOD Mo oo0hoih MIDIDoooooo
0000000 0mao

to complete this project. Their explanation of how

0 000000000 MOnDODMmON0 MO0 MO0 MiDMOnooonooo
misconception from the beginning of the lesson. They

0 MIMOIOMDDOO0DONIMOINOIDON0 0DIDOODLhmoooo
0 0D 00MIDmMo 0omo

To start, they may want to use the following
resources.Smoke detectors:]
https://www3.epa.gov/radtown/americium-smoke-
00M0MIMMmM [

00000 0 0 MMmMOOONO00MO000 MOo0Mo0dMoanooaoom
sheets/smoke-detectors.html [1
00000mOOno000momom oD 0 0om

00000 0 0 0Mo0Mmoo0nomo 0momomomonm
00000 @

00000 0 0 MO0MO0Mo00noamomoooom
https://sites.lafayette.edu/berkins/2013/02/15/
000mMmOOmoOrmo000mn

O00IImon 00 MO0MO00MMOm00n 0M000Mo0mom
MO0 0MmoOmamooom

0 0000ONCMmMOm 00RmMOOmmnoMOIDDODImm mnm 00m
certainly be the most difficult example):O

00000 0 0 MOo0m0MNO0man 0 0o0000man

O0n0mm 0 0 MO0moanooman 0 00000Mmmooomaoooonac
O [m

000000 O00MOONO0MO0MOmomaon 0 0mao o aoo
00 mm

0000000 0 0 M00MOn00MImmpmon MO0mmo
accelerators-work

Slide 14

o[ [000MmMINMMO00MIDOONOMONOMMON0ONODN 000
00Mooono 000 OmOn 0mMOmMOo0mro0mo0Mo0 O Om 0ma
can cause harm. Like any tool, radiation can be helpful,
harmful, or neutral. Given what they know about radiation,
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https://www3.epa.gov/radtown/americium-smoke-detectors.html
https://www3.epa.gov/radtown/americium-smoke-detectors.html
https://www.nrc.gov/reading-rm/doc-collections/fact-sheets/smoke-detectors.html
https://www.nrc.gov/reading-rm/doc-collections/fact-sheets/smoke-detectors.html
https://www3.epa.gov/radtown/shipping-port-security.html
https://www3.epa.gov/radtown/shipping-port-security.html
https://www.cbo.gov/publication/51478
https://sites.lafayette.edu/berkins/2013/02/15/nuclear-port-security/
https://sites.lafayette.edu/berkins/2013/02/15/nuclear-port-security/
http://news.mit.edu/2016/startup-improved-nuclear-threat-detection-0622
http://news.mit.edu/2016/startup-improved-nuclear-threat-detection-0622
https://www.phy.anl.gov/gammasphere/ 
http://www.phy.anl.gov/gammasphere/pub/logos_98.html 
http://www.phy.anl.gov/gammasphere/pub/logos_98.html 
http://nucalf.physics.fsu.edu/~riley/gamma/gamma2.html 
http://nucalf.physics.fsu.edu/~riley/gamma/gamma2.html 
https://www.energy.gov/articles/how-particle-accelerators-work  
https://www.energy.gov/articles/how-particle-accelerators-work  
https://www.nrc.gov/reading-rm/doc-collections/fact-sheets/3mile-isle.html
https://www.nrc.gov/reading-rm/doc-collections/fact-sheets/3mile-isle.html
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o[[Tell students that they will be working in small
000MOOODOONOD OODOnOOODIDINDMODo MOo0odno0mmo
MO IONOMOD 0D O00ON MmN omo000DmOmoomon
Dmooom DOOnMm b0 MONooonmoon
0000 M MIDODOOmoam 000000mMmoon
IM0MO0mMO0MOo00M0MONOONomo MImmomog
O000n00InmMOmanm
The thyroid and nuclear medicine: DINOOIN O0OC
00MO00D0MINODMO0On00MO0MmO0T D0mMmmon
Ommmm
O00D0IMO0000n0000 0Mo000dnommanoooma
00000N0NIMI 00MON0MO00MOmO0Mmomon
Momoomm
000 0IMO0IMOIMO0O0MO000O0 00n0mmon
00000M000M000000MaOn0000Mmo0nooom

0 00000DOmM 00O DOD Mo oo0hoih MIDIDoooooo

O0000MOm omao

000MODOnDMMODOmMO0 M MOMDomooomoo
000000 00000000m
http://www.bbc.com/future/story/20180405-why-
people-collect-radioactive-objectsl]

00000 0 0 IM0MDMMMOMOOn0Gonsumer %
20products/fiesta.ntm 0

00000 0 0 IM0MID MM OOMMOON0Moo0000 0
000MO00MmMmO0000 O0Dm m

0000010 0 0 MO0MO0ON0MON00Do0m O

000000 00Dmooomm
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http://www.bbc.com/future/story/20180405-why-people-collect-radioactive-objects 
https://www.orau.org/ptp/collection/consumer%20products/fiesta.htm 
https://www.orau.org/ptp/collection/consumer%20products/fiesta.htm 
https://www.orau.org/ptp/collection/consumer%20products/consumer.htm 
https://www.orau.org/ptp/collection/consumer%20products/consumer.htm 
https://www.epa.gov/radiation/tenorm-consumer-products 
https://www.epa.gov/radiation/tenorm-consumer-products 
http://www.bbc.com/future/story/20180405-why-people-collect-radioactive-objects
http://www.bbc.com/future/story/20180405-why-people-collect-radioactive-objects
https://text-message.blogs.archives.gov/2018/01/04/the-radium-girls-at-the-national-archives/ 
https://text-message.blogs.archives.gov/2018/01/04/the-radium-girls-at-the-national-archives/ 
https://text-message.blogs.archives.gov/2018/01/04/the-radium-girls-at-the-national-archives/ 
https://med.uc.edu/radiology/sections/nuclear-medicine/history  
https://med.uc.edu/radiology/sections/nuclear-medicine/history  
https://med.uc.edu/radiology/sections/nuclear-medicine/history  
https://endocrinenews.endocrine.org/january-2016-thyroid-month-the-saga-of-radioiodine-therapy/  
https://endocrinenews.endocrine.org/january-2016-thyroid-month-the-saga-of-radioiodine-therapy/  
https://endocrinenews.endocrine.org/january-2016-thyroid-month-the-saga-of-radioiodine-therapy/  
https://health.ucsd.edu/news/features/Pages/2016-07-01-radiation-therapy.aspx 
https://health.ucsd.edu/news/features/Pages/2016-07-01-radiation-therapy.aspx 
http://www.bbc.com/future/story/20180405-why-people-collect-radioactive-objects
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THINK-PAIR-SHARE Capture Sheet
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Comparing Electromagnetic and Nuclear Radiation
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are different because:
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8 STEP ENGINEERING DESIGN PROCESS

Step 1
Identify the Need
or Problem
Step 8 Step 2
; Research the
R
g Meed or Problem
Step T Step 3
Communicate the Develop Possible
Solution(s) Solution(s)
Step & Step 4
est and Evaluate Select the Best
the Solution(s) Possible Solution(s
Step 5
Construct a
Prototype
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