MX-10 Particle Detector
Tape Radiation Detection
__________________________________________________________________________________________________
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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
	[image: ORIGINALS BY ITALIA's The Big Bang Theory: Leonard Sticker | GetGlue]Experiment
· 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. What is an alpha (α) particle?  What do you already know about the properties of alpha particles?


2. What is a beta (β) particle?  What do you already know about the properties of beta particles?


3. What is a gamma (γ) particle?  What do you already know about the properties of gamma particles?


4. Which, if any, of these can occur from natural sources?[footnoteRef:1]  Explain.


 [1:  Neumann, Three Misconceptions] 

5. How would you rank these types of particles in terms of energy?  How dangerous they are?  Use the ranking system of 1 (most) to 3 (least).  If necessary, you may indicate that two types are equally energetic or dangerous by putting them into the same box.[footnoteRef:2]
 [2:  Ibid] 

	Rank
	Energetic
	Dangerous

	1
	
	

	2
	
	

	3
	
	



6. Give a short explanation of your ranking for both energy and amount of danger.




Background:
	Energetic particles can be detected from a variety of sources ranging from cosmic background radiation that passes through the Earth’s atmosphere and others that originate in the Earth to sources that are deliberately introduced.  In this case, you will be looking at what kind(s) of radiation can be detected using various tapes.
	[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:

	Background radiation will be detected during all measurements. 
	
	
	
	

	Background radiation will be consistent throughout and of the same type of radiation.
	
	
	
	

	The tape will give off energetic particles when placed near the detector, but not peeled.
	
	
	
	

	The tape will give off energetic particles when peeled.
	
	
	
	

	The type of tape will change the results of this experiment.
	
	
	
	

	The rate at which the tape is peeled with change the results of the experiment.
	
	
	
	

	Hypothesis:

	

	Explanation:









Experiment:
	Using the JABLOTRON MX-10 Particle Detector and the PixelMan software, measure the background radiation so that you have something to compare your finding to.  Take a recording for one minute so that you have a representative sample.  Using the rolls of tape provided, peel each roll at least 10 times above the Particle Detector.  Observe the screen and record your findings in the table below.
	Observation: Collect data and fill in the data table.  Do not worry about whether or not the data concurs with your initial hypothesis.

	TYPE OF TAPE
	LENGTH OF TAPE PULLED (cm)
	NUMBER OF HITS RECORDED
	AVERAGE ENERGY OF HITS

	Ex: No tape, background recording 
	
	
	

	Ex: Scotch TapeTM – Sticky Tape
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



	[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

	Background radiation in all readings 
	
	

	Consistent background radiation
	
	

	Unpeeled tape caused energetic particles
	
	

	Peeling tape caused energetic particles
	
	

	Different types of tape caused different results
	
	

	Different rates of peeling changed results
	
	



	[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?

	








Questions:
1. What (if anything) did you observe?  What kind of particles did you detect?


2. What mechanism was responsible for this?  What produced the particles that you detected?


3. Was this naturally occurring radioactivity?  How can you tell?[footnoteRef:3] 

 [3:  Ibid] 

4. Would you qualify these findings as naturally occurring or human made?[footnoteRef:4]  What qualities will you use to make this distinction?  Do you believe that these same qualities can be used to differentiate between types of radiation in every case? [4:  Ibid] 


Nature Article:
In an article published in the journal Nature, scientists determined that they were able to detect x-rays being emitted by sticky tape (like Scotch TapeTM).  In your exercise, you may have been able to detect gamma rays that would be similar to what was found by the scientists.  In their case, they used a vacuum chamber to aid in the detection of the radiation, as well as a machine that could consistently unroll the tape at approximately 5cm/s.  You can also watch a video of this experiment, including explanation, at this link (https://youtu.be/LQBjRF9mX1Y).[footnoteRef:5] [5:  Sanderson, Sticky tape generates X-Rays] 

1. How could the experimental setup of the scientists change their results from what you were able to observe?


2. Based on the findings from these scientists, will you still use sticky tape in the future?[footnoteRef:6]  Explain why or why not.

 [6:  Neumann, Three Misconceptions] 

3. Do you expect that the amount of radiation that you are exposed to from sticky tape each year would be dangerous to you?  Why or why not?


4. Has your view of radiation changed because of your findings and this article?  Explain why and how.


TEACHER INFORMATION
Curriculum Tie In and Suggested Use from the Authors:
· Leah Pedder, United States of America:
· Energy: When observing the plots, it is possible to see that the intensity scale adjusts when a cosmic particle is detected.  This is because the energy of the “soft” x-rays is much less than the energy produced by the cosmic particle.  Discussing the difference in the energy and the way that the particles would interact is worthwhile, especially with health considerations.
· Sources of radiation: Students are often familiar with industrially produced or refined sources (ex: uranium in nuclear reactors) but are not aware of the common sources around them.  In the case of tape, students are unlikely to ever experience harm from their use of tape, but may be concerned about their exposure nonetheless.  It would be beneficial to use this to lead to a discussion of naturally occurring radioactivity in food (bananas, Brazil nuts, etc.) and in all living things (carbon-14 and carbon dating).  Similarly, this experiment could be used in a biology or life sciences classroom.
· Marina Silva, Portugal:
· Electromagnetic Spectrum: Students will be able to distinguish electromagnetic waves by their energy, wave length and frequency and distinguish visible light from other types of light.
· Examples of Technology that Emit and Receive Light: Students will learn examples of radiation in daily life as well as technologies and equipment that use electromagnetic radiation.  The advantages and disadvantages of using such equipment can be discussed. 
· Giorgio Vacchiano, Italy:
· X-rays in medicine: Humanity has found ways to use radiation to its own advantage. Children are likely to have heard about x-ray application in medical imaging. Teachers could illustrate how x-ray scans are produced, why the machine operator needs to be shielded by a screen and what it is made of, what is the process that generates x-ray images and the energies involved, and talk about radiation danger, dose, and units of measurement. 
· Electrostatics and ionization: Teachers can discuss how x-rays (photons) are generated by unrolling the tape (the Nature paper offers a good explanation). Next, they can discuss how the charges separate in the tape layers. Discuss propagation of electrical currents in the atmosphere or in the void (as per the original protocol of the tape experiment) and how electric arcs can generate photons. Students can compare x-rays with natural phenomena (e.g., lightning, bioluminescence) and current technology (e.g., light emitted by cathode rays in tv screens and monitors).
Sample Findings:
[image: ] 	[image: ]
Image of Background Reading				Image of Scotch Magic Tape Emissions


Note: The intensity scale is skewed for these images.  The points on the background image have a much higher energy deposit (alpha and beta) than the duct tape emissions (soft x-ray, gamma).  Indicate to students to consider the scale when they make their observations.  The standard setting is for the scale to change as more energetic particles are detected.  This means that throughout the course of a measurement, the scale will be changing to represent the highest energy detected.

[bookmark: _GoBack]Energy distribution of detected gamma particles by energy in keV.


Notes:
· The PixelMan program will indicate alpha, beta, and gamma particles, but it may count them incorrectly.  This happens when 2 photons hit the same pixel and are detected as one beta particle instead of two gamma particles.
· 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:
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
Sanderson, K. (2008). Sticky tape generates X-Rays.  Nature.  Doi:10.1038/news.2008.1185
Count of Gamma Particles by Energy (keV)




Total	
0	5.7	5.8	5.9	6	6.1	6.2	6.3	6.4	6.5	6.6	6.7	6.8	6.9	7	7.1	7.2	7.3	7.4	7.5	7.6	7.7	7.8	7.9	8	8.1	8.2	75.4	5	12	254	1364	3947	7527	12152	11408	9671	7905	4993	2683	1695	928	493	241	119	48	44	28	11	6	2	1	2	1	1	1	
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System
requirements

Maximum
frame rate

Thread mount
Interface

Power
requirements

Power
consumption

Dimensions
Weight
Complies with

Apps 4 Work Email &) Grades & Haiku & Naviance

Amazon Wishlist

Pixelated 300 pm Si detector chip (256 x 256 pixels, 55 ym pitch)
by Medipix2 Collaboration

Pixelman version 2.2.2 or higher licensed by IEAP CTU in Prague
Particle Type Energy Level Efficiency Comment

Heavy charged
particles >1MeV
Electrons (beta) > 10 keV'

~100 % Alpha, etc.

~100 %

Under specific
angle, e.g. muons
from cosmic rays

MIP particles >1MeV ~100 %

5keV-10keV ~100 %
20 keV ~25%
60 keV ~1%
>1MeV ~0.1 %

X-rays
X-rays
X-rays
Gamma-rays

* PC CPU 1.6 GHz (2 GHz or higher recommended),
1GB RAM (2 GB recommended)

« USB 2.0 Hi-Speed port

* Java Runtime Edition v1.6 or higher

* Microsoft Windows XP / Vista / 7

80 frames per second (note: the given frame rate applies for the
recommended system requirements)

M6 or standard camera thread mount (1/4 "~ 20)
USB 2.0 (developed in cooperation with IEAP CTU in Prague)

Supplied via USB port

Max. 2.5 W

128 x 72 x 30 mm (H x W x L)

Approx. 160 g
EN 61000-6-1, EN 61000-6-3

xked @ Penny Arcade jT Wasted Talent (%) S*P & Tumblr [ Kickstarter »

6.1. | have used all my licenses and need another
* write to mx-10@jablotron.cz - in certain cases your number of licenses can
be increased under the same contract.

6.2. The status control LED does not turn green when the device is
connected to the computer

 First try to reconnect the cable. Then make sure that you can see MX-10
Acquisition channel and MX-10 FW Update Channel in Control Panels -
Device Manager - USB Devices, otherwise reinstall Pixelman software, make
sure you allow installer to install the drivers.

6.3. The Pixelman does not work properly when the device is
disconnected from the PC and then reconnected with Pixelman still running -
please close and restart Pixelman.

6.4 The mount of the device does not fit my lab equipment
 the device uses a standard camera (1/4"- 20) or M6 thread mount - your
choice was specified in the order.

For other inquiries please visit www.particlecamera.com

WARNING

When using this product, you should pay attention to the legal issues
concerning the technology and research. For all details see the purchase
contract or our website.

JABLOTRON ALARMS as. hereby declares that the MX-10 is in compliance
With the essential requirements and other relevant provisions of Directive
2004/108/EC and 2011/65/EU. The original of the conformity assessment
can be found on the web site www.particlecamera.com, Download section.
This product is safe in relation to radiation regulations when used and stored
according to the given instructions.
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