RADIOACTIVE DECAY  
Distance Effects, Shielding Effects and Penetrating Ability
By Bruce Outland – Methacton HS

Introduction to Radiation

Certain isotopes of elements have nuclei that are unstable or “radioactive” and decay into other atoms by emitting parts of their nuclei.  Different isotopes emit different particles.  The particle that they emit depends on the “problem” that is causing the nucleus to be unstable.

Prelab Questions:
1.  Write the name & nuclear-equation-symbol for the particle emitted by a nucleus if it has 
a.  too few neutrons for the protons it has _____________________
b.  too many neutrons for the protons it has _____________________
c. over 83 protons in its nucleus  _____________________
2.  You will be using radiation sources that produce alpha, beta, or gamma rays in their decay process.  Write a balanced the equations below for each of these reactions below.
a) The production of alpha particles by the decay of Polonium-210. 
b) The production of beta particles by the decay of Strontium-90.
c) The production of gamma rays and beta particles by the decay of Co-60.
PROCEDURES: (Tear off back page Data Table for ease of data recording)

Part 1: Investigating the “Penetrating Ability” of  alpha, beta and gamma radiation
1. Power on (top-left button) the Radiation Monitor and connect it to the  DIG 1 port of the LabQuest. Use the attached stylus to  
Tap File
Tap New. 
 Tap Sensors menu 
 Tap Sensor Setup 
 Select Radiation Monitor from the DIG 1 sensor list.
 Tap OK.

2.	Set up the data-collection mode.
a. Tap Mode (right side of screen). 
b. Use the stylus to highlight the “Length” time, and use the keyboard that pops up to change the time to 30
c. Also change the Interval to 30 seconds.
d. Select OK.

Alpha Particle Penetrating Power:
3. Carefully lift up the radiation detector a few centimeters, and slide the Alpha source, paper side DOWN, in the circular holder on the top of the stand… make sure the alpha source is seated flat.  Replace the detector directly on top of the circular holder.
4. Turn on the radiation detector to “ON” (or audio, if you really want to annoy those around you!).  Make sure the screen on the radiation detector is lined up with the port on the stand.
5. Tap the Green Triangle to begin.  After 30 seconds, subtract 18 from the counts shown on the device (to account for normal background radiation) and write down the number of alpha particle “counts” in the appropriate place in your data table.
6. Lift the detector and slide a piece of paper between the detector and the alpha source.
7. Click the Green Triangle to begin counting (click “Discard” when prompted)
8. Subtract 18 from the counts and record the count.
9. Once a “0” is recorded for any given radioactive source, record “0” for all remaining shields and remove the source.  Go on to the next source
10. Replace the shield with the next shield on the data table.  Measure counts for 30 seconds as before, and record the counts in your data table.
Beta Particle Penetrating Power
11.  Place the beta source (paper side down) in the plastic holder and slide it into the 2nd slot down from the top of the stand.
12. Record the number of counts (per 30 seconds) without any shielding, then add/replace shields in the order listed on the data table and measure the 30 second counts for each until “0” is reached.
Gamma Radiation Penetrating Power
13. Replace the beta source with the gamma source (paper side down), and repeat the shielding experiment.

Part 2: Investigating the Distance Effect of Nuclear Radiation
14. Move the gamma source from the second slot to the 5th slot from the top.  This is 6 cm from the detector.
15. Tap the “Meter” icon in the top/left.  Tap the “Mode” section of the screen, and change the mode to “Events with Entry”
16. Change the Count Interval to 30 seconds
17. Type “cm” into the “units” box, and then tap “OK”
18. Tap the Green Triangle to prepare the program.  Tap “KEEP” (next to the green triangle) when it appears… this begins the data collection.
19. When the “Enter Value for Event” appears, type in the distance cm (6).  Tap OK.
20. Move the source down 1 more slot to slot 6 (7 cm), and tap “KEEP” again.  Input “7” when prompted.
21. Move the source down 1 more slot (8 cm), and tap “KEEP” again.  Input “8” when prompted for value.
22. Move the source down 2 more slot (10 cm), and tap “KEEP” again.  Input “10” when prompted for value.
23. Move the source down 1 more slot (11 cm), and tap “KEEP” again.  Input “11” when prompted for value.
24. Click the Red Square to conclude the experiment.
25. For any points that are obviously “out of trend”:  Tap the point… Tap “Graph”… tap “strike through data”.
26. You will next use the “Analyze” tool to determine the equation of the curve made by the points.  You will use this equation to make predictions of radiation counts based on distance.
a. Tap the Analyze tab
b. Tap “Curve Fit”, and tap the “Radiation” that comes up.
c. From the drop-down “Fit Equation” menu, choose functions one at a time until you get the best fit to your points:  “eyeball” it with the curve the program provides and/or choose the lowest “RMSE” value.  
d. Write that equation and the corresponding values in your data table. (Note:  “exp” means exponential, which is ex… and “e+05” means “x105”)

Part 3: Investigating the Shielding Effect on Nuclear Radiation
27.  Replace the gamma source with the beta source in the 2nd slot… no shielding
28.   Click the green triangle, then tap “KEEP”
29. After 30 seconds, you will be prompted for a cm value.  Input “0”… this time “cm” refers to the thickness of aluminum shielding.
30. Insert the 0.02 cm aluminum shield in the top slot, and tap “KEEP”.  When prompted, type in 0.02.
31. Replace the 0.02 cm Al shield with the 0.032cm Al shield… tap “KEEP”… type in 0.032 when prompted.
32. Repeat with the 0.05cm, 0.08cm and 0.09 cm aluminum shields.
33. Tap the red square to stop the experiment.
34. Omit any obvious “outlier” points as in Part 2.
35. Analyze the graph, as in Part 2, to determine the equation of the curve formed by the points.  Copy down all information into your Part 3 Data section.
36. Remove the source and clean up your area.

Part 4: Modes of Radioactive Decay for Smoke Detectors and Orange “FiestaWare”
Teacher Demo
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DATA

Background reading average:  18 counts / 30sec

SUBTRACT 18 from ALL readings… if less than zero, record 0.

Part 1: 
	
	No shielding 

(contact reading)
	Paper shielding 
	Plastic (E)
Shielding (.030cm thick)
	Aluminum (I) shielding
(.032cm thick)
	Lead (T) shielding
(.250cm)

	
Alpha

	
	
	
	
	

	
	
	
	
	
	

	
	No shielding 
Slot 2
(3 cm from Geiger Counter)
	Paper shielding 
	Plastic (E)
Shielding
(.030cm thick)
	Aluminum (I) shielding
(.032cm thick)
	Lead (T) shielding
(.250cm)

	
Beta

	
	
	
	
	

	
Gamma


	
	
	
	
	



Part 2: 
“Curve Fit” Equation: ____________________ 	(  x= distance	 y=radiation count  )
Variable values (label each) _____________________________________________________

Part 3: 
“Curve Fit” Equation: ____________________	(  x= thickness   y=radiation count  )
Variable values (label each) _____________________________________________________ 

Part 4:  Teacher Demo

 (Record Geiger counter results as “High count”, “Medium count” or “Low count” for the following demonstration)
	
	No shielding
	Paper shielding
	Plastic shielding
	Aluminum shielding
	Lead shielding

	 “FiestaWare”
	
	
	
	
	

	Smoke detector
	
	
	
	
	





Conclusion Questions:
1.   Rank the three types of nuclear radiation in order of penetrating ability (worst to best):

	_____________ < _____________ < _____________

2.  Site the evidence that you used to determine that ranking.


3. Use the function of the curve determined for part 2 to determine what the gamma radiation count would be over the course of 5 minutes at a distance of 4 cm from the gamma source. 
4. Use the function of the curve determined for part 3 to determine what the beta radiation count would be over the course of 2 minutes with a 0.070cm aluminum shield.
5. Complete the statement:	As distance from a radioactive source increases, the radiation dosage _______________ (increases/decreases)  __________________________ (proportionally/exponentially)
 
6.  Alpha radiation is not harmful to humans if its source is around us, but is VERY harmful if its source is inside us.  Explain why. 
7.  Even though beta and gamma radiation penetrates skin, why are they relatively harmless in reasonable doses?
[bookmark: _GoBack]8.  Based on the results of the teacher demonstration, what type of radiation is being emitted from orange “FiestaWare” dishes?   __________________   Explain your choice.
9.  What kind of radiation is being emitted from the radioactive source in the smoke detector? ___________  Explain your choice.
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