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Physics 10L
LAB 4

Radioactivity

Read Hewitt Chapter 33

What to BRING TO LAB:  Any suspicious object that MIGHT be radioactive….

What to explore and learn


An amazing discovery was made about 100 years ago:  that some kind of “rays” came out of matter which could penetrate through solid materials and make images on film.  The first to be discovered were X-rays, then three other forms of “rays” were found, which were named alpha (, beta (, and gamma (, after the first three letters in the Greek alphabet.  The materials that produce these rays are called radioactive.  

This production of these “rays” occurs in the nucleus of the atom: the unimaginably dense, unbelievably tiny center.  The nucleus is highly energetic, and the energies of this radiation are well above those of visible or even ultraviolet light.   None of these rays can be detected by our human senses. Since they can be dangerous in large quantities, it is important to learn about them.
What to use


We will use a tool called a Geiger counter to detect this nuclear radiation.  We will teach you how it works and let you experiment with (, (, and ( radiation. 

We have very low-level commercial radioactive samples that are made for teaching you about radioactivity.  We also have a few seemingly normal objects that emit nuclear radiation, and we have various materials that you can use to experiment with shielding—that is, to see if the rays can pass through them. 

What to do


CAUTION ― even the low activity radioactive samples we will use in this lab can be dangerous if handled carelessly or improperly.  Please pay strict attention to the following special rules and procedures:


(  Do not eat, drink, smoke or use cosmetics.
(  Use gloves when handling liquid radioisotopes.
(  Wash your hands thoroughly before leaving.
(  Report spills or wounds immediately.
(  Return all samples to the instructor at the end of lab.

Safety concerns

With all these warnings, you might be smart enough to wonder if perhaps you just ought to stay away from this lab!  On the other hand, knowledge is a very good thing.  So let’s address the risk.  

First of all, we have calculated the dose you will receive when working with these samples, holding them one meter from your body for a week.  This dose is less than you would get taking a half-hour plane ride.

Secondly, have you ever noticed the little badges that people wear when they work with radioactivity, to measure the dose they receive?  Well, the people who wrote the manual for use with our radioactive samples wore those badges for the entire two years while they did every experiment they could think of.  They received absolutely no measurable dose on their badges.  So don’t worry, be happy, and get educated!

Mandatory Comments


Please summarize what you learned today and give us feedback.  Thank you!

1) Measure the Background Radiation

Radiation is all around you, day and night, wherever you may be.  In this activity, we’ll use a geiger counter to measure the background radiation  To do this, you first need to, remove all radioactive sources from your table. Set the geiger counter operating voltage to 460 (the knobs marked “High Voltage”). Set the time selector on the Geiger counter to 30 seconds, stop the counter, reset the display, and then push the count button.  The counter will now count the “background radiation” for 30 seconds and stop itself automatically.  

a) Record the activity  (counts in 30 seconds) and repeat a total of five times.  

___________     ___________     ____________     ____________     ___________      

b) Does the activity change very much from one sample to the next?   Note your highest and lowest values, and compare them to others around you.  Typically, your values will seem quite random—the result of a chaotic process.

c) What is your average (round off to ±1 count) background activity? _________

d) Write your average on the whiteboard.  How does yours compare with those of the other lab groups?     

e) What do you think is the source of this background radiation?  

2)  Estimate your annual radiation dose from background radiation. 

Use the program on the computers.  Write down your annual dose:    ____________ mrem/year
3) Portable Geiger Counter (“quick-checks”) (do this at any time during the lab)
Use the hand-held, portable Geiger counter to see if any of the objects on the front desk are radioactive.  Also test any objects you or others may have brought to lab.  

What do you find?  


Name

4) Experiment with a Beta Source

a) Get the beta source and read the label to identify the isotope and its half-life. Ask the instructor if you can’t find it. Write the isotope and half-life below.  

b) Put your sample on the second shelf below the Geiger tube. (Put the paper label side down.) Push stop, reset, and count to measure the activity of your sample for 30 seconds.  Repeat the measurement two more times. Record your measurements: 


​​​​

                            





. 

c) Are you surprised to see how much chaotic variation there is from one measurement to the next?

d) Insert various absorbing materials between the sample and the Geiger tube. Start with a medium plastic blocker and then change blockers as needed to find one that roughly cuts the count in half  (very roughly is fine). Observe the effect on the counting rate. (Record your results, of course.)  

	Material
	Thickness (thin, med, thick)
	Counts in 30 sec

	
	
	

	
	
	

	
	
	


e) What type and thickness of absorber is required to cut the count-rate in half or more?

5) Experiment with a Gamma Source

a) Get the gamma source and read the label to identify the isotope and its half-life. Ask the instructor if you can’t find it. Write the isotope and half-life below.  

b) Put your sample on the second shelf below the Geiger tube. Push stop, reset, and count to measure the activity of your sample for 30 seconds.  Repeat the measurement two more times. Record your measurements: 


        
     





. 

c) Insert various absorbing materials between the sample and the Geiger tube. Start with a medium plastic blocker and then change blockers as needed to find one that roughly cuts the count in half  (very roughly is fine). Observe the effect on the counting rate. (Record your results, of course.)  
	Material
	Thickness
	Counts in 30 sec

	
	
	

	
	
	

	
	
	

	
	
	



d) What type and thickness of absorber is required to cut the count-rate in half or more?

6) Experiment with an Alpha Source

a) Get the alpha source and ask the instructor for the isotope and its half-life. Write the isotope and half-life below.  

b) Put your sample on the top shelf (not the second shelf) below the Geiger tube. Push stop, reset, and count to measure the activity of your sample for 30 seconds.  Repeat the measurement two more times. Record your measurements:
 








. 

c) Insert various absorbing materials between the sample and the Geiger tube. Start with a medium plastic blocker and then change blockers as needed to find one that roughly cuts the count in half  (very approximate is fine). Observe the effect on the counting rate. (Record your results, of course.)  

	Material
	Thickness
	Counts in 30 sec

	
	
	

	
	
	

	
	
	

	
	
	



d) What type and thickness of absorber is required to cut the count-rate in half or more?

7) Compare Alpha, Beta and Gamma Particles 

a) Which type of radiation is best at passing through materials? 


b) Which type is most easily absorbed? Does this mean it is less dangerous?
c) Which type would be the most dangerous if you swallowed or breathed it?


d) Which type would be the most dangerous if stored in a box under your bed?


e) Why are very low doses of radiation (as in today’s lab) not dangerous?  

8) Measure the Half-Life of a Short-lived Radioisotope 

a) What are isotopes?  Can you define them in words, with help from the instructor and/or the book? What are radioisotopes?
b) Find out what short-lived radioisotope we will be using and how we obtain it.  Write it down.

c) Obtain a short half-life radioisotope from the source on the front counter.   Work quickly to start your measurements of the activity of your sample, and continue to measure its activity once every minute for 30 seconds at a time.  Continue the measurements for 15 minutes, recording your results in the table below.  Do you observe the activity decreasing?
	Start time
	Count
	Count – background

	0
	 
	

	1 min
	 
	

	2 min
	 
	

	3 min
	 
	

	4 min
	 
	

	5 min
	
	

	6 min
	 
	

	7 min
	
	

	8 min
	
	

	9 min
	
	

	10 min
	
	

	11 min
	
	

	12 min
	 
	

	13 min
	 
	

	14 min
	 
	


d) Subtract the background  (you measured it earlier) from each of your measurements and plot the resulting activity versus time on the graph paper.
e) Draw a smooth curve (not just a “dot-to-dot”) through the data points on your graph. (See example picture.)
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Counts

                                                


  Minutes
f) Use your curve to estimate the half-life of the isotope (i.e., the time it takes for the activity to decrease from some amount to half that amount).  Show directly on the graph just how you found the half-life.  
Write your half-life directly on your graph and in the blank below.  
g) Repeat the above process using two different starting counts.  (hint: pick nice round starting counts like 1000, 2000, or 500). Are these time intervals (half-lives) approximately  the same as the first one you measured. Show these on the graph as well.
h) Compare your result to the accepted value, which the instructor will help you find. 
My measured half-life of  ____________  is  ______________________________.




       element symbol


time
The accepted value of half-life of this radioisotope is  _________________________

My result is     □  way off          □  sort of close      □   pretty darn close!         □  right on the money ! ☺

Suggestion:  if you aren’t at least “pretty darn close,” ask the instructor to help figure out why.

i) Radioactive dating. When you know the half –life of a radioisotope, you can then use it to tell the age of a sample. For example,  if someone gave you a sample of this barium solution and you measured it’s activity to be 500 counts in 30 seconds, about how “old” was it? (That is, how long ago did they get the sample from the source? ) (Hint: look at your graph.)
What (approximately) would be the oldest sample you could ‘age’ with this method using barium?

About how many half-lives did it take for all the radioactive Barium to run down to very low levels?
Archeologists use longer lived radioisotopes like Carbon 14 (half-life = 5700 years)  to date living things like bones and wood.  How old would be the oldest thing they could “age” with carbon 14?  (Hint: think about your answer to the question above.)
Why do you think we didn’t use carbon 14 for today’s lab?
Conclusion:   Radioactivity has many uses.  Like so many things, it can be dangerous, but it is a valuable ally when properly handled.  The more you learn about it, the better you can decide what is dangerous and what is not. Tell us briefly about any experiences you have had with nuclear radiation (either useful radiation or otherwise.)  Look through Hewitt Chapter 33 for some more info on nuclear radiation. 
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