MX-10 Particle Detector
Shielding Test
__________________________________________________________________________________________________
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	[image: ORIGINALS BY ITALIA's The Big Bang Theory: Sheldon Sticker | GetGlue]Theory
· Make predictions using what you already know
· Explain why you think what you do
· Think about what makes sense to you
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· Perform measurements
· Record observations
· Prove (or disprove) your predictions

	If you notice that your predictions differ from what you see in your experiment, makes sure that you suggest why this might be the case.


Prior Knowledge:
1. How is radiation[footnoteRef:1] shielded?


 [1:  Throughout this lab radiation will refer to particles that are released through radioactive decay including alpha, beta, and gamma particles.] 

2. Why do we need radiation shielding?



3. Does all radiation have to be shielded?  If “yes,” how do you avoid all radiation exposure?  If “no,” what kind(s) of radiation exposure is okay?[footnoteRef:2] 


 [2:  Neumann, Three Misconceptions
] 

4. Fill in the chart below about how you would shield each kind of radiation. 
	RADIATION TYPE
	ALTERNATE NAMES
	MASS (me)
	DOES IT NEED TO BE SHIELDED?
	HOW WOULD YOU SHIELD IT?

	High Energy photons
	Gamma
	0
	
	

	Mid Energy photons
	UV
	
	
	

	Low Energy photons
	Sub-UV
	
	
	

	e+/e-
	Beta
	1
	
	

	He2+
	Alpha
	1836
	
	



Background:
	Radiation occurs naturally from a variety of sources and surrounds us on a daily basis.  Different types of radiation can be shielded in different ways and each type must be treated differently.  You will be examining how distance and material change how much radiation is detected.
	[image: ORIGINALS BY ITALIA's The Big Bang Theory: Sheldon Sticker | GetGlue]Predictions: Individually, mark the statement(s) that you agree with.  As a group, develop a hypothesis about what will occur.

	
	Student 1:
	Student 2:
	Student 3:
	Student 4:

	Experiment 1: Material Shielding
	Heavier types of radiation will require more shielding.
	
	
	
	

	
	More energetic types of radiation will require more shielding.
	
	
	
	

	
	There is one type of shielding that will fully protect against all types of radiation.
	
	
	
	

	
	Hypothesis 1:



	
	Explanation 1:




	Experiment 2: Distance Shielding
	The amount of all types of radiation will decrease with distance.
	
	
	
	

	
	Some types of radiation will be more able to travel a distance than others.
	
	
	
	

	
	All types of radiation will follow the same trend of intensity vs. distance.
	
	
	
	

	
	Hypothesis 2:



	
	Explanation 2:







Experiment 1:
	You will begin by testing different types of shielding.  Using a radioactive source provided by your instructor, measure the radiation that you detect in a period of time.  Repeat this measurement using different types of shields with the detector and source in the same position.   You should use a representative time of measurement (ex: 60s) or repeat for shorter periods of time and average your findings.  Make sure that you record what you do.
	Observation: Collect data and fill in the data table.  Do not worry about whether or not the data concurs with your hypothesis.

	
	TIME OF DATA COLLECTION (s): 

	TYPE OF SHIELDING
	ALPHA COUNT
	BETA COUNT
	GAMMA COUNT

	NONE
	
	
	

	PAPER
	
	
	

	ALUMINUM or TIN
	
	
	

	LEAD
	
	
	



	[image: ORIGINALS BY ITALIA's The Big Bang Theory: Leonard Sticker | GetGlue]Observation: Refer back to your data above.  Mark the statements that your data agrees with.  Make comments about what you observed.

	Which did you observe?
	Mark your findings
	Comments

	More shielding was required to stop the more energetic radiation.
	
	

	More shielding was required to stop the more energetic radiation.
	
	

	There was one type of shielding that will fully protect against all types of radiation.
	
	



	[image: ORIGINALS BY ITALIA's The Big Bang Theory: Leonard Sticker | GetGlue][image: ORIGINALS BY ITALIA's The Big Bang Theory: Sheldon Sticker | GetGlue]Science: Explain your ideas of differences and similarities between your predictions and observations.  What do you think could cause these?

	











Experiment 2:
	Now you will be changing the distance that the radiation emitted by your source travels before it reaches your detector.  In order to ensure minimum contact with the source, make sure that you are moving your detector. You should use a representative time of measurement (ex: 60s) or repeat for shorter periods of time and average your findings.  Make sure that you record what you do.
	Observation: Collect data and fill in the data table.  Do not worry about whether or not the data concurs with your initial hypothesis.

	DISTANCE
	TOTAL ENERGY
	TOTAL NUMBER OF HIT
	ALPHA HITS
	BETA HITS
	GAMMA HITS

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



	Data: Using the data that you collected above, create a graph of total energy vs. distance and one of the number of hits vs. distance (note: your second graph should have 4 lines, one each for total hits, alpha, beta, and gamma).
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	What trends do you observe on your graphs?











	Data: Using the data that you collected above, create a graph of total energy vs. distance and one of the number of hits vs. the square of distance (note: your second graph should have 4 lines, one each for total hits, alpha, beta, and gamma).
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	What trends do you observe on your graphs?









	[image: ORIGINALS BY ITALIA's The Big Bang Theory: Leonard Sticker | GetGlue]Observation: Refer back to your data and graphs above.  Mark the statements that your data and graphs agrees with.  Make comments about what you observed.

	Which did you observe?
	Mark your findings
	Comments

	The amount of all types of radiation will decrease with distance.
	
	

	Some types of radiation will be more able to travel a distance than others.
	
	

	All types of radiation will follow the same trend of intensity vs. distance.
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Questions:
1. Based on your findings, what would be the most effective shield for radiation?  Is this a realistic option?  Why or why not?



2. In terms of distance, do you think there is a safe distance for radiation exposure?  How would you determine a safe distance?



	RADIATION TYPE
	ABOUT
	MORE INFORMATION[footnoteRef:3] [3:  Rogers et al., Radioactivity] 


	Gamma
	High Energy EM
	X-rays and Gamma rays, used in medical diagnostics and treatments, can penetrate through body tissues but are absorbed by some elements including calcium (used to create medical radiograms) depending on the electron density of the material, known to cause of cellular damage and death

	Beta
	e+/e-
	Electrons and positrons, light charged particles that can penetrate approximately 0.5cm into body tissues, most damaging when absorbed from within the body, emitters are used in nuclear medicine

	Alpha
	He2+
	Helium ions, much heavier than beta and gamma radiation, heavy charged particles than can penetrate ~1/1000cm in human body tissue, most damaging when absorbed from within the body, too damaging to be used medically


3. On the first page of this lab, you were asked about shielding different types of radiation and whether it would be necessary to shield them.  Here is some additional information about the types of radiation.  

Does this new information change your answers?[footnoteRef:4]  Explain. [4:  Neumann, Three Misconceptions] 


TEACHER INFORMATION
Curriculum Tie In and Suggested Use from the Authors:
· Leah Pedder, United States of America:
· Inverse Square Law: Students will be able to observe an approximately inverse square relationship between detected radiation and distance of separation between detector and source.  The model relationship should fit very closely to the expected relationship.
· Types of Radiation: At the introduction of optics, the types of radiation can be introduced.  This will show x-ray and gamma radiation as types of light, but different from alpha and beta types.  Allow students to understand that 
· Particle Physics/High Energy Physics: Students will be able to examine the relationship between types of radiation and the ways that it can be shielded.  Suggested tie in to accelerator physics and x-ray technology with discussion on why lead shields are worn by patients and technicians during x-rays.
· Marina Silva, Portugal:
· Distinguish Materials by Transparency to Radiation: Students will be able to discuss the advantages and disadvantages of using light and relate it to the electromagnetic spectrum technologies and equipment using it.
· Giorgio Vacchiano, Italy:
· Radioactive sources: Students will record the energy and frequency of interaction of different kinds of “radioactivity”. This will provide a tie-in to review nuclear decay processes, compare the energy and decay time of different pathways from common isotopes in nature and technology (14C, 131I, 222Rn, 238U, 239Pu) and describe their applications (biological sample dating, radioactive medical imaging, nuclear fission power plants). Quantitative computations can be requested, e.g. to calculate the energy output of alpha decay of 235U.
· Biological effects of ionizing radiation: Tie-ins with biology can be provided by assessing the biological effects of alpha, beta and gamma radiation. Review the different units of measurement for dose absorption and assess effects depending on the nature of the absorbed particles and their energies (e.g., radiolysis of water in the cells, DNA disruption and somatic vs. teratogenic mutations, acute vs. chronic radiation poisoning). Details from various nuclear accidents (in labs or in power plants) can be used to provide context for qualitative or quantitative analyses.
· Particle physics: This activity can detect alpha particles, electrons, and photons, within a given energy range. What other particles are crossing the sensor but go undetected, either because of their inherent nature (e.g., neutrinos, positrons) or their mass/energy (e.g., muons)? What are their sources? This can provide links to review the standard model and the mass/energy equivalence from general relativity. 
Sample Data (Using throiated rods as source)
Shielding
	Shielding
	Alpha % Blocked
	Beta % Blocked
	Gamma % Blocked

	None/Control
	0
	0
	0

	Paper
	92
	0
	0

	Tin
	100
	80
	0

	Lead
	100
	67
	67





Sample Data:
[image: ]	[image: ]
No Shielding 					Paper				
Total: 301 counts				Total: 251
α – 24, β – 206, γ – 70, ? – 1			α – 0, β – 170, γ – 81, ? – 0	
[image: ]	[image: ]
Aluminum					Lead
Total: 133					Total: 23
α – 0, β – 95, γ – 37, ? – 1			α – 0, β – 14, γ – 9, ? – 0
Note: The unknown particle(s) detected could be from multiple particles hitting the same pixel within the resolution period.  If this happens, the energy will not necessarily be recorded correctly and may be shown as unknown or other.


Distance
	[bookmark: _GoBack]Distance (cm)
	Energy Detected (eV)
	Number of Hits
	Alpha Hits
	Beta Hits
	Gamma Hits

	0.9
	202892
	487
	38
	328
	121

	1.5
	55871
	207
	7
	141
	59

	2.5
	46496
	122
	8
	81
	33

	3.5
	20005
	58
	4
	36
	18

	4.5
	7722
	49
	1
	34
	14




Note: The graph shows nearly the ideal 1/r2 curve.

Notes:
· Electron density of materials changes the absorption of particles.  Depending on the energy of the radiation, different effects are responsible for the absorption.
[image: http://durpdg.dur.ac.uk/vvc/egs/lab/figures/fig3.gif][footnoteRef:5] [5:  Nelson, Experiment 1] 

· The table below lists the energies at which the sensor is sensitive and may impact what can/will be detected.
[image: ]
This table can be found in the JABLOTRON MX-10 manual or online. (http://www.particlecamera.com/images/dokumenty/JABLOTRON_MX-10_EDUKIT_EN.pdf)
Sources:
Nelson, W. (2001, September 25). Exercise 1 – Interations of 0.3 MeV photons in aluminum and lead. Retreived July 21, 2015.
Neumann, S. (2014). Three Misconceptions About Radiation – And What We Teachers Can Do to Confront Them. The Physics Teacher, 52. doi:10.1119/1.4893090
Rogers, E., Stovall, I., Jones, L., Chabay, R., Kean, E., & Smith, S. (2000) Radioactivity. Retrieved July 15, 2015.
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