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Science in Motion

Juniata College


The Effects of Time, Distance, and Shielding on Nuclear Radiation
PA State Standards:

3.7.10.B
Apply appropriate instruments and apparatus to examine a variety of objects and processes.

Describe and use appropriate instruments to gather and analyze data.

3.4.10.A
Explain concepts about the structure and properties of matter.

Know that atoms are composed of even smaller sub-atomic structures whose properties are measurable.

2.8.11.P
Analyze a relation to determine whether a direct or inverse variation exists and represent it algebraically and graphically.
2.5.11.B
Use symbols, mathematical terminology, standard notation, mathematical rules, graphing and other types of mathematical representations to communicate observations, predictions, concepts, procedures, generalizations, ideas and results.

1.2.11.A
Read and understand the central content of informational texts and documents in all academic areas.

Introduction:
There are three main types of radiation:  (alpha),  (beta) and  (gamma).  Alpha radiation consists of a stream of fast-moving helium nuclei (two protons and two neutrons).  An alpha particle is relatively heavy and carries two positive electrical charges. Alpha particles are slow moving and not very energetic.  Beta radiation consists of fast-moving electrons.  Beta particles have more energy and are lighter than alpha particles.  Beta particles carry a negative electrical charge.  Gamma radiation consists of high energy photons, which are massless and carry no charge.  All of three types of radiation have the ability to form ions with any matter they encounter, making them detectable with a Geiger-Muller tube.
This experiment uses sealed sources of alpha, beta, and gamma radiation.  Time, distance, and shielding will be the variables studied.  While one of the variables is being tested, the other two will be held constant.
Guiding Questions:
Please answer the following questions before beginning the lab.

1.
What mathematical relationship might exist between the time of exposure to radiation and amount of radiation detected?

2.
What mathematical relationship might exist between the distance from the source of radiation and the amount of radiation detected?

3.
Based on the information provided in the introduction, which type of radiation may be the most difficult to stop with shielding?

Equipment / Materials:

Forceps

Sealed sources (alpha, beta, and gamma)

Scaler 

Shelf

Shields

Safety:
· It is good technique to handle all radioactive sources with forceps.

· Always wear goggles in the lab.
Procedure and Data:
Part I: Background

1.
Plug in the scaler, and allow it to warm up for a few minutes.  Set the voltage to the operating voltage determined earlier or to the voltage provided with the instrument.  To set the voltage, press the HV button and adjust with the UP and DOWN buttons.

2.
Press the TIME button and adjust the time to 30 seconds by using the UP and DOWN buttons. Press the COUNT button to begin counting, then press TIME to get out of TIME mode.  

3.
Record the background reading, then take another.  Average the two readings.

	Reading 1
	

	Reading 2
	

	Average
	


Part II: Time
1.
Obtain a sealed alpha source, and, using forceps, place it label-side down on the second shelf from the top of the sample holder. Remember to use forceps when handling the sources.

2.
Take a 20-second count.  Record the value in the data section.

3.
Set the timer to 40 seeconds and take another reading.  Repeat to fill in the data table.
4. 
Repeat steps 2 & 3 for a beta source and a gamma source.  

	Time (sec)
	Alpha (α)
	Beta (β)
	Gamma (γ)

	20
	
	
	

	40
	
	
	

	60
	
	
	

	80
	
	
	

	100
	
	
	


Part III:  Distance
1.
Place a sealed alpha source on the top shelf (shelf 1) of the sample compartment, and take a 30-second reading.  Lower the source to the next shelf, and take another 30-second reading.  Remember to record your data.  Continue until readings are taken on all the shelves.

2.
Repeat the procedure in Step 1 with the beta and gamma sources.  

	Shelf
	Alpha (α)
	Beta (β)
	Gamma (γ)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	


Part IV: Shielding
1.
Place a sealed alpha source on the second shelf from the top.  It will remain on this shelf for the entire experiment.  Take a 30-second reading.  Record the data for air as a shield.
3.
Place a shield over the sealed source sample, and take another 30-second reading.  Record the data.  Repeat the procedure with the other materials indicated on the data sheet.  Do as many as instructed.
4.
Repeat Step 2 and 3 for the beta and gamma sealed sources.

5.
Take another 30-second background reading.

	Shield
	Alpha (α)
	Beta (β)
	Gamma (γ)

	Air
	
	
	

	Poly 5 mil
	
	
	

	Poly 10 mil
	
	
	

	Plas. 0.030
	
	
	

	Plas. 0.040
	
	
	

	Al 0.025
	
	
	

	Al 0.050
	
	
	

	Al 0.090
	
	
	

	Pb 0.032
	
	
	

	Pb 0.064
	
	
	

	Pb 0.125
	
	
	

	Pb 0.250
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Final Background ____________




Calculations:

1.
Graph the mathematical relationship between time and amount of radiation detected for alpha, beta, and gamma radiation.

2.
Graph the mathematical relationship between distance and amount of radiation detected for alpha, beta, and gamma radiation.
Questions:



1.
What were the three independent variables studied in this experiment?

2.
Describe the mathematical relationship between time and amount of radiation detected.
3.
Describe the mathematical relationship between distance and amount of radiation detected.
4.
Describe the differences between the sealed sources in Part III and offer an explanation as to why they occur.
5.
What happened when the distance between the beta source and the detector doubled?

6.
How do you know if a shielding material has completely stopped a particular type of radiation?

7.
According to the data, what is the thinnest, least dense substance tested that would be required to stop each of the three types of radiation?
8.
If exposed to a source of high radiation, what should one do to protect oneself?
9.
For Parts II, III, and IV, explain the procedures taken to keep constant the variables not being tested.
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