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DETERMINATION OF THE THICKNESS OF ALUMINUM FOIL

USING A RADIOACTIVE ISOTOPE AS A THICKNESS GAUGE:

AN EXPERIMENT USING THE SpecTech NUCLEAR SCALER

INTRODUCTION:


The nuclei of certain atoms are stable and under ordinary circumstances, stable nuclei do not undergo change. The nuclei of other atoms are unstable. These nuclei undergo change spontaneously, that is, without outside help. When unstable nuclei undergo change, they give off radiation. Atoms which have unstable nuclei are radioactive and are called radioisotopes or radionuclides.


The change that an unstable nucleus undergoes is called disintegration or decay. When unstable nuclei disintegrate, or decay, certain particles or energy are emitted. The certain particles that are emitted are called alpha or beta particles. These bundles of energy are called gamma rays or gamma radiation..


Atoms and molecules in the path of radiation can be ionized or stripped of their electrons when they collide with the emitted particles. That means that these alpha particles, beta particles, and gamma radiation and other nuclear emissions have fairly high energy in order to to remove these electrons from atoms or molecules. While these particles have very small masses, they have tremendous speeds and great momenta.


Devices that are used to detect radioactivity are based on the ionizing ability of radiation. One such device is the Geiger-Muller tube which is connected to a counter and is commonly referred to as a nuclear scaler. When a charged particle or gamma radiation enters the Geiger-Muller tube, it ionizes many of the neutral argon gas atoms in the tube. The bumped-off electrons are attracted to the anode of the tube and the argon ions are attracted to the cathode. Thus produces a surge of current which can be counted by the scaler.


Previous experiments have demonstrated that various materials will shield against alpha particles, beta particles, and gamma rays. The identity of the material, its thickness, and its chemical composition will affect the material’s ability to absorb or transmit these particles and rays. Thus, we can use a radioactive isotope as a gauge for depth or thickness. We allow particles or rays to pass through materials of the same identity but varying known thickness; we then measure the counts of radioactive particles which pass through the sample. Once a calibration curve is constructed, a sample of unknown thickness can be tested and compared to the curve in order to determine its thickness.


There are many engineering situations in which thickness or depth must be precisely controlled (rolled metals like steel or aluminum, depth of material in a container, thinness of paper or plastic films). Industries routinely make use of radioactive isotopes like americium 241, krypton 85, or cesium 137 for these purposes.

PURPOSE:

 1. To measure counts of radioactivity through samples of aluminum which have various thickness.

 2. To measure counts of radioactivity through samples of aluminum of unknown thickness.

 3. To determine the thickness of the unknown sample using the calibration curve.

 4. To determine the thickness of the unknown sample using a Vernier caliper.

 5. If time permits, repeat the experiment with samples of other metal.

SAFETY:

 1. Students should observe all laboratory safety precautions, including the wearing of appropriate clothing, footwear, and safety goggles.

 2. There should be no eating or drinking during the experiment.

 3. Wash hands thoroughly after clean-up.

 4. Students with compromised immune systems should consult their physicians before participating in this experiment.

PRELAB QUESTIONS:

 1. Make a sketch of the SpecTech ST-150 nuclear scaler with its sample storage compartment open.  Draw and label these parts:



sample storage compartment



sample storage compartment door



samples (in their storage slots)



detector compartment



source holder (top view)



beta source



source holder with beta source, in detector compartment



aluminum sample in detector compartment



control buttons



display screen

 2. What is the purpose of measuring the background count?

 3. Write a hypothesis statement that relates beta particle count to thickness of a sheet of aluminum.

 4. Explain how we will determine the unknown thickness of the aluminum foil sheet. Be specific! 
MATERIALS PER GROUP:


SpecTech ST-150 nuclear scaler


assorted samples of metal of various thicknesses


radioactive sources


forceps


vernier caliper


aluminum foil


milligram balance


metric ruler


scissors

PROCEDURE for college preparatory Chemistry or Physics students:
INSTRUMENT SETUP
  1.  Put on your safety apparel and equipment as specified by your teacher.

  2.  Obtain the materials listed above, and take them to your lab bench.  Make sure that the scaler is near an electrical receptacle.  Also make sure that the radioactive source is at least one meter away from the detector until you are ready to place it in the detector compartment.

  3.  Open the door to the sample storage compartment.  Ensure that there are samples in each of the eleven slots and that there is also a clear plastic source holder in slot number 5.

  4.  Remove the source holder from slot number five.  Slide the empty source holder onto the bottom shelf of the detector compartment.

  5.  Connect the power cable to the electrical receptacle, and switch on the scaler.

  6.  Press the “H.V.” button one time to set the detector voltage; the red light should be lit.  Press the “UP” button several times until the display reads “460”. Press the “H.V.” button again to turn off the red light.  You have just set the voltage in the detector tube to 460 Volts.

  7.  Press the “TIME” button one time to set the sampling time; the red light should be lit.  Press the “UP” button several times until the display reads “90.”  Press the “TIME” button again to turn off the red light.  You have just set the sampling time to 90 seconds. 

  continued. . . 
MEASURING THE BACKGROUND COUNT
  8.  Press the count button one time.  The red light above the “COUNT” button will be lit.  The instrument will begin to count the number of times that a particle is absorbed by the detector tube.  The instrument will keep counting for 90 seconds, at which time the red light above the “COUNT” button will go out.  The display is now displaying the number of particles absorbed by the detector tube in 90 seconds.  This is the “background” count from the environment around the instrument.  Record this data in your data table.

  9.  Repeat step 8 until you have made three determinations of the background count.

DATA COLLECTION FOR THE Al  SAMPLES OF KNOWN THICKNESS
10.  Place the beta source into the circular depression of the source holder, and replace it onto the bottom shelf of the detector compartment.

11.  Obtain aluminum sample number 5 from the sample storage compartment, and place it onto the second shelf from the top of the detector compartment .  

12.  Press the count button one time.  After the instrument completes the 90 second count, record your data.  Repeat until you have made three determinations with this piece of aluminum. 

13.  Repeat steps 11 and 12 using aluminum sample number 6.

14.  Repeat steps 11 and 12 using aluminum sample number 7.

15.  Repeat steps 11 and 12 using aluminum sample numbers 5 and 6, placing them both on the same shelf.

16.  Repeat steps 11 and 12 using aluminum sample numbers 5 and 7, placing them both on the same shelf.

17.  Return the aluminum samples to their correct slots in the sample storage compartment.

18.  Record the thickness data for the aluminum samples from the “door” of the sample storage compartment.  Be sure to record the thickness both in inches and in mg/cm2.

DATA FOR THE Al FOIL OF UNKNOWN THICKNESS
19.  Remove sample number 6 from the sample compartment.  Trace its outline onto the surface of the aluminum foil.  Use scissors to carefully cut the foil.  

20.  Place the aluminum foil square onto sample number 6 and place both onto the second shelf from the top of the detector compartment .  

21.  Press the count button one time.  After the instrument completes the 90 second count, record your data.  Repeat until you have made three determinations with this two-piece thickness of aluminum. 

22.  Measure and record the length, width, and mass of the aluminum foil piece you made.

23.  If available, use calipers to measure the thickness of the aluminum foil piece you made.

CLEANUP

24.  Return all samples to their proper places in the sample storage compartment.

25.  Turn off the scaler, and then un-plug it from the receptacle.

26.  Return all materials as directed by your teacher.
PROCEDURE for AP Chemistry or AP Physics students
  1.  Put on your safety apparel and equipment as specified by your teacher.

  2.  Open the door to the sample storage compartment.  Ensure that there are samples in each of the eleven slots and that there is also a clear plastic sample holder in slot number 5.

  3.  Connect the power cable to the electrical receptacle, and switch on the scaler.

  4.  Set the voltage in the detector tube to 460 Volts.

  5.  Determine an appropriate sampling time, and set the instrument to sample for that time.

  6.  Measure the background count.

  7.  Place the beta source into the circular depression of the sample holder, and place it onto a shelf in the detector compartment.

  8.  Obtain an aluminum sample, place it in the detector compartment so it will block some of the beta particles from entering the detector, and measure the count with the aluminum sample.  Also record the thickness data from the “door” of the sample compartment.

  9.  Repeat until you have five sets of data for five different thicknesses of Al.

10.  Make a square of aluminum foil of the appropriate size, and test it in the same way you tested the samples of known thickness.

11.  Return all samples to their proper places in the sample storage compartment.

12.  Turn off the scaler, and then un-plug it from the receptacle.

13.  Measure the length, width, and mass of the aluminum foil piece you made.

14.  If available, use calipers to measure the thickness of the aluminum foil piece you made.

15.  Return all materials as directed by your teacher.
ANALYSIS AND CONCLUSIONS:  Use complete sentences in your answers.

 1. Construct a calibration curve from the Corrected Count vs. Thickness data. If the graph yields a straight line, determine its slope and the equation of the best fit line. Attach this graph #1 to your report.

 2. Use the graph to determine the thickness of the combined unknown aluminum foil sample and sample #6. Record this thickness and use the known thickness of sample #6 to calculate the thickness of the unknown aluminum sample in inches and centimeters. Be sure your work here takes the form of a labeled calculation.

 3. From your data, calculate the area of the unknown aluminum foil in centimeters2. 

 4. Use reference materials to report the accepted density of aluminum. Remember to cite the source of your information. Using the data for the mass of the unknown sample in grams and the accepted density value, determine the volume of the unknown sample of aluminum in centimeters3. .

 5. Finally, calculate the thickness of the unknown sample of aluminum in centimeters and inches.

 6. If available, use the vernier calipers to measure the thickness of the unknown sample. Record. If calipers are not available, write “Calipers were not available.”

 7. Calculate the percent difference between the thickness you determined from the graph and the thickness you determined from the mass, area, volume, and density. 

 8. If you used the vernier calipers, calculate the percent difference between the thickness you determined from the graph and the actual measured thickness.

 9. Discuss sources of error in this experiment. Discuss which technique for determination of thickness seems most reasonable.  

TEACHER’S GUIDE

CLASS USAGE:

We suggest that students in college preparatory Chemistry or Physics be provided with the longer procedure. Students in AP Chemistry or AP Physics should receive less guidance about the procedure and should prepare their own procedures and data tables.

CURRICULUM INTEGRATION: Application to the Indiana State Standards

Physics
                     The Nature of Atomic and Subatomic Physics  P.1.29, P.1.34, P.1.35



Historical Perspectives of Physics  P.2.6, P.2.8, P.2.9, P.2.10

Chemistry
                      The Nature of Chemical Change: C.1.24, C.1.25



The Structure of Matter:  C.1.32



The Nature of Energy and Change:  C.1.42, C.1.43

Mathematics
Algebra I:
Standard 3, Relations and Functions



Standard 4, Graphing Linear Equations and Inequalities



Standard 9, Mathematical Reasoning and Problem Solving

Geometry:
Standard 8, Mathematical Reasoning and Problem Solving

Algebra II:
Standard 7, Logarithmic and Exponential Functions

Precalculus:
Standard 2: Logarithmic and Exponential Functions



Standard 9: Mathematical Reasoning and Problem Solving

PRELIMINARY PREPARATIONS:

 1. Students with compromised immune systems should consult their physicians before participating in this experiment. An alternative version of the experiment may need to be prepared for them.

 2. Develop a plan for dispensing and recollecting radioactive samples to ensure that no samples are lost.

 3. Lightweight aluminum foil will barely shield the radioactive source so that data will fall into a portion of the graph that is difficult to interpret. In fact, we discovered that the only way to obtain reasonable data for lightweight aluminum foil was to layer the foil with one of the known samples, collect data for an adjusted count, and then subtract the contribution to the shielding that was provided by the thicker known sample. Therefore, we strongly recommend that the unknown be Heavy Duty aluminum foil for best results. 
TIME NEEDED FOR THIS EXPERIMENT:

 1. One class period should be adequate for collection of data. 

SAFETY AND DISPOSAL:
 1. Be sure all radioactive samples are accounted for at the end of the experiment.

 2. Be sure all materials are repackaged according to Science Express specifications and notify Science Express of any problems with equipment or samples.

 3. Be sure students wash their hands thoroughly after cleaning up.
ASSESSMENT:

 1. Students will answer Prelab Questions.

 2. Students will answer Analysis and Conclusions questions.

 3. Students will prepare and analyze graphs.

 4. Material from appropriate chapters will appear on other assignments, including homework and tests or exams.

POSSIBLE ANSWERS TO PRELAB QUESTIONS:
 1. Make a sketch of the SpecTech ST-150 nuclear scaler with its sample storage compartment open.  Draw and label these parts:



sample storage compartment



sample storage compartment door



samples (in their storage slots)



detector compartment



source holder (top view)



beta source



source holder with beta source, in detector compartment



aluminum sample in detector compartment



control buttons



display screen


See the images of equipment elsewhere in this handout.

 2. What is the purpose of measuring the background count?

The background count provides the reference value against which all other counts should be compared. Buildings, dust and soil, people,  and food all contain some elements which are radioactive and decaying constantly. To calculate the “corrected count” as the actual, true count of emissions of the decaying radioactive source, we must subtract the background count from the “raw count” which is recorded by the detector when the aluminum sample is in place. 


corrected count = raw count  -  background count 

 3. Write a hypothesis statement that relates beta particle count to thickness of a sheet of aluminum.

We hypothesize that as the thickness of the aluminum sample increases, the thicker shield will cause a decrease in the count of beta particles which can penetrate the shield. 

  4.  Explain how we will determine the thickness of the unknown aluminum foil sheet. Be specific!


We will set up the equipment according to the procedure. We will use 460 volts and set the timer for 90 seconds on each trial. We intend to make three trials with every sample and average the results. We will place the plastic holder on the bottom shelf of the sample compartment (slot #6).We will allow the scaler to first sample the air in order to determine the background count of radiation present normally in the laboratory area. We will then place the strontium-90 beta source into the source holder and place the thickest sample of aluminum into slot #2 of the sample compartment. We now repeat our sampling technique, making three trials, subtracting the background count from each, and averaging the resulting counts. We will repeat the process with all other known samples and then the unknown sample of aluminum foil. We will graph Corrected Count vs. Thickness of the known samples and generate a best-fit straight line or curve which fits the data. We will interpolate or extrapolate from this graph to determine the thickness of the unknown sample of aluminum foil. We will also measure the mass of the unknown aluminum foil sample as well as its length and width. From the values of mass, the calculated volume of the unknown sample and the accepted density of aluminum, we will determine the thickness of the unknown sample. We may be provided with a vernier caliper to measure the thickness of the unknown sample. We will clean up.
ANSWERS TO QUESTIONS:  (using Sample Data):

 1. Construct a calibration curve from the Corrected Count vs. Thickness data. If the graph yields a straight line, determine its slope and the equation of the best fit line. Attach this graph #1 to your report.

See attached Graph #1. The slope and equation for the best fit line are shown on the graph.

 2. Use the graph to determine the thickness of the combined unknown aluminum foil sample and sample #6. Record this thickness and use the known thickness of sample #6 to calculate the thickness of the unknown aluminum sample in inches and centimeters. Be sure your work here takes the form of a labeled calculation.

Here is the thickness of the unknown aluminum foil:



thickness of (Al foil + sample #6), from the graph

0.051 in



thickness of sample #6




-
0.050 in


------------------------------------------------------------------------------------------------------



thickness of unknown Al foil, from the graph


0.001 in







(and using 1 inch = 2.54 cm)
=
      0.00254 cm
 3. From your data, calculate the area of the unknown aluminum foil in centimeters2. 


To calculate the area of the unknown sample, use Area = (length) (width):



area
= (length) (width)




= (6.98 cm)  ( 6.83 cm)



area
=47.7 cm2


 4. Use reference materials to report the accepted density of aluminum. Remember to cite the source of your information. Using the data for the mass of the unknown sample in grams and the accepted density value, determine the volume of the unknown sample of aluminum in centimeters3. 

The accepted value for the density of aluminum is  2.702 g/cm3. The reference used for this value is Modern Chemistry  by Davis, et. al., 2006 edition, p. 863. (See references at the end of the Teacher Notes.)


To determine the volume of the unknown sample of aluminum, recall that:



density
=          mass       and  thus  
volume
=
mass





volume





density









        0.199 g        


The volume of the unknown sample 
=       ------------------              =     0.0736 cm3








       2.702 g/cm3
 5. Finally, calculate the thickness of the unknown sample of aluminum in centimeters and inches.

Since 
thickness of the unknown sample = 
volume









  area




thickness of unknown sample
=
0.0736 cm3










------------------











47.7 cm2




thickness of unknown sample
=
0.00154 cm   =   0.000606 inches










(using 1 inch = 2.54 cm)

 6. If available, use the vernier calipers to measure the thickness of the unknown sample. Record. If calipers are not available, write “Calipers were not available.”

Although a caliper was available, it was not calibrated appropriately to measure the thickness of our unknown aluminum foil. The provided caliper would only record data to the thousandths place and yielded an apparent thickness of the unknown as 0 cm.

 7. Calculate the percent difference between the thickness you determined from the graph  and the thickness you determined from the mass, area, volume, and density.


Remember that we use percent difference when an accepted or standard value is not available. Percent difference is appropriate when we wish to compare two results with one another but we are not sure which result is accepted.


Percent difference = 
(difference between the two values)






------------------------------------------------    x 100%





average of the two values


Percent difference  = 
(0.001 in from graph  - 0.000606 in from calculations)   






---------------------------------------------------------------    x 100%





         (1/2) (0.001 in  +  0.000606 in)



(**note the number of significant digits in difference in numerator:  the difference in numerator = 0)





    (0.000394 in)
 



Percent difference  =  --------------------  x 100%  =  0 % difference
with one 





    (0.000803 in)




significant  digit
 8. If you used the vernier calipers, calculate the percent difference between the thickness you determined from the graph and the actual measured thickness.

The vernier caliper could not be used to determine thickness so no percent difference between values could be determined.

 9. Discuss sources of error in this experiment. Discuss which technique for determination of thickness seems most reasonable. 

There are several possible sources of error in this experiment.


--We should have had more data points to generate the calibration curve, but were limited by the number of samples provided with the instrument.

--When we used two samples on top of one another in order  to create a thicker sample, we did not account for any “air gap” between samples.


--In the length of time required to do this experiment, the beta source may have degraded or changed.


--The other radioactive sources may have been too close to the detector during the background counts. 


--The known samples may not have been pure aluminum, they may have varied in thickness and not been uniform, or the values given for their thicknesses may be been inaccurately reported.


--The unknown sample may not have been pure aluminum or it may vary in thickness and not be uniform.


Student answers will vary as they discuss which method(s) are apparently the most reasonable for determining thickness.
SAMPLE DATA:

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	sample
	thickness
	thickness
	source
	absorber
	raw
	average
	corrected

	number
	mg/cm^2
	in
	shelf
	shelf
	count
	count
	count

	 
	 
	 
	 
	 
	 
	 
	 

	none
	N.A.
	N.A.
	N.A.
	N.A.
	15, 14, 12
	14
	N.A.

	 
	 
	 
	 
	 
	 
	 
	 

	5
	161
	0.025
	6
	2
	101, 74, 69
	81
	67

	6
	328
	0.050
	6
	2
	65, 74, 54
	64
	50

	7
	590
	0.090
	6
	2
	33, 31, 28
	31
	17

	5 and 6
	489
	0.075
	6
	2
	48, 39, 37
	41
	27

	 
	 
	 
	 
	 
	 
	 
	 

	Al foil + 6
	N.A.
	N.A.
	6
	2
	63, 67, 54
	61
	47

	 
	 
	 
	 
	 
	 
	 
	 


For the unknown aluminum foil:

length =  6.98 cm

width = 6.83 cm

mass = 0.199 g
SOME ADDITIONAL QUESTIONS AND ADDITIONAL INVESTIGATIONS:

 1. Nuclear chemists and physicists may use this equation to describe a material’s ability to absorb radiation:




F = D x S
where F = absorber thickness, in   mg/cm2






D = density of absorber, in   mg/cm3






S = thickness of absorber, in   cm


Use unitary analysis (dimensional analysis) to verify that the thickness CAN be reported in  mg /cm2.  (Hint: how are thickness, volume, and area related? how are density, mass, and volume related?)

Suggestions for an answer:

To verify that the units of thickness can be reported as      mg / cm2 , we could show:




            mass



         volume

density 
=   ----------------------   and        thickness 
=   ---------------------



            volume



            area






so:

(thickness) (area)   =   volume


then:





       mass

density 
=    ----------------------------------
      




(thickness) (area)


but all samples are the same, so density is constant,  k
Using mass in milligrams, volume in centimeters3, thickness in centimeters, area in centimeters2  :





mg

        mg
constant   k
=  --------------------     =       ---------------



       (cm)  (cm3)
                     cm2

Thus, thickness can be reported in units of  mass / area
 2. Investigate the safety precautions and safety training given to workers who handle radioactive sources as a part of their employment.

 3. Collect samples of irradiated foods (produce, beef, chicken, etc). Test samples of irradiated foods for radioactivity. Summarize results of experiment. Compare and contrast with published information.

 4. Investigate the use of electron beams in cross-linking and in chain-scissoring of  polymers. 

 5. Investigate “cold pasteurization.”

RESOURCES:

useful websites:




We strongly recommend
teachers verify
for the Indiana State Standards:


and check all websites




www.doe.state.in.us/standards

before asking students to







use this information.
for information about how things work:


www.howthingswork.virginia.edu

for the manual for the SpecTech nuclear scaler:


www.spectrumtechniques.com/manuals/ST150manual.pdf

for information about the use of radioisotopes as thickness gauges and how  radioisotopes are used in everyday applications and products:


www.uic.com.au/peac.htm


www.ne.doe.gov/isotopes/industry.asp


www.ohiou.edu/ehs/radioisotope_uses.htm


www.accessexcellence.org/AE/AEC/CC/radio_table.html
for personal exposure to radiation:


www.ans.org/pi

for information about irradiated food from the USDA, Center for Food Safety and Applied Nutrition and The Centers for Disease Control and Prevention:


www.cfsan.fda.gov/~dms/opa-help.html

www.cdc.gov/ncidod/dbmd/diseaseinfo/foodirradiation.htm#foodapproved 

for access to rebuttals to the information from the USDA and CDC:


www.organicconsumers.org/irradlink.html

for food safety information from nationally-known food vendors:


www.omahasteaks.com/servlet/OnlineShopping?Dsp=765


ccr:ucdavis.edu/irr/market.html
a Lafayette, Indiana connection for electron beam technology:


www.ebeamservices.com/ebeam_basics.htm
more--->>>

text references:

Brown, T.L., LeMay Jr., H.E., and Bursten, B.E.  Chemistry: The Central Science. 10th and AP ed. Pearson/Prentice Hall.  Upper Saddle River, NJ. 2006. Ch.21, “Nuclear Chemistry.”

Davis, R. E; Frey, R.F; Sarquis, M., and Sarquis, J.L. Modern Chemistry. Holt, Rinehart, and Winston. Orlando.2006. Ch. 21, “Nuclear Chemistry.”
Giancoli, D. C. Physics: Principles with Applications. 6th ed. Pearson/Prentice-Hall. 2005. Ch. 30, “Nuclear Physics and Radioactivity” and “Applications to Biology and Medicine,” “Applications to Other Fields and Everyday Life.”   

Chase, G. D.; Rituper, S.; and Sulchoski, J.W. Experiments in Nuclear Science. 2nd ed. Burgess Publishing company. 1971.

Hewitt, P. R. Conceptual Physics.  Pearson/Prentice Hall. 2006. Ch. 38, “The Atom and the Quantum” and Ch. 39, The Atomic Nucleus and Radioactivity.” 

Serway, R.A. and Faughn, J.S. College Physics. 6th ed. Thomson/Brooks.Cole. 2003. Ch. 29, “Nuclear Physics.”

Serway, R.A. and Faughn, J.S. Physics. Holt, Rinehart, and Winston. Orlando. 2006. Ch.22, “Subatomic Physics ” 

Debra Beck

Gregg Beck

Mark Sailer

Science Express 2006

IMAGES:

[image: image1.jpg]



sample storage
sample storage
detector

control
display 
compartment
compartment
compartment
buttons
screen

with samples

door
Continued. . . 

[image: image2.jpg]






source



source



holder

[image: image3.jpg]





Aluminum sample being placed into detector compartment


