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Time Frame: Standards: 
30 minutes to assemble lab, 
45 minutes to complete lab and report 

Idaho Standard 8-9 PS 2.4.2 

Objectives: 
Students will be able to create and interpret half-life graphs, and will understand how to 
use the graph to find mass or radioactivity by correlating with time.  Students will 
understand the concept of half lives.  Students will understand that elements decay into 
other elements while releasing Alpha and Beta particles 
Background Information: 
Radioactive decay is anytime there is a change in the nucleus of an atom that causes the 
element to become something else.  There would be, of course, some small exceptions to 
this, but none that we need to worry about now. 
 
There are three basic kinds of decay.  There is Alpha, which is a particle consisting of a 
helium nucleus, Beta, which is a fast moving electron, and Gamma, which is high energy, 
electromagnetic radiation~ a photon with lots of “punch”. 
 
Alpha radiation consists of a helium nucleus.  It contains two protons and two neutrons, 
but no electrons.  It has a 2+ electrical charge and is an ion. 
 
Beta radiation consists of a fast moving electron with a negative charge.  It has almost no 
mass because an electron has only about 1/ 2,000th of the mass of a proton or neutron. 
 
Gamma radiation consists of high energy electromagnetic waves.  The wavelength of a 
gamma wave is about the same distance as the space between the sides of the nucleus of a 
carbon atom.  It is very powerful, massless and is carried by a particle called a photon.  Do 
not get hung up on the concept of a massless particle; save that for another day. 
 
Recall that elements are radioactive because of an effect of the weak nuclear force.  Also 
recall that elements are described by the components of their nucleus.  Elements are 
named because of the number of their protons.  They are also given a number based on the 
number of protons and neutrons combined. 
 
An example of a radioactive element is Uranium-238.  The periodic table shows that all 
Uranium will have 92 protons in its nucleus.  The number “238” indicates that this 
particular isotope of Uranium has 238 protons AND neutrons in its nucleus.  Subtraction 
tells us there MUST be 146 neutrons only.  When the U-238 proceeds with Alpha decay, it 
will lose two protons and two neutrons, because two protons and two neutrons is an Alpha 
particle.  It becomes Thorium-234. 
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Alpha Radiation Example 

U
2 protons 
 
2 neutrons 
 
4 total 

Th
90 protons 
 
144 neutrons 
 
234 total 

92 protons 
 
146 neutrons 
 
238 total 

A Uranium atom, that loses an Alpha particle, will become a Thorium atom.  None 
of the protons or neutrons change charge, they just split off of the Uranium atom. 

Th 
90 protons 
 
144 neutrons
 
234 total 

Pa
89 protons 
 
145 neutrons 
 
234 total 

A Thorium atom may have a proton that will spontaneously turn into a 
neutron.  The total number of particles in the nucleus remains the same.  
Since there is now one less proton, the atom has fewer (less) positive 
charges.  To make sure that the law of conservation of charge is not violated, 
an electron (beta particle) is created, and sent on its way. 

Beta Radiation Example

Gamma Decay Example

Gamma decay does not change the nucleus of an atom; therefore no new 
elements are created.  Gamma is an indicator of a high energy event or 
phenomenon, such as a supernova explosion, or a black hole. 
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Radon – 214 becomes Polonium – 210, through Alpha decay 
Polonium – 210 becomes stable Lead – 206, through Alpha decay 
 
Materials: 
60 Pennies per group 
1 cup per group 
Abundance of graph paper 
Straight edges 
Colored pencils 
 
Procedure: 
There is danger at the landfill.  An unscrupulous industrial enterprise has dumped a load 
of Polonium210 into an area lake.  It has a lethal toxicity level that is incredibly low.  Right 
now, the lake has been tested, and the toxicity level has been found at a level of 6 parts per 
billion.  The state government, at a total loss, has asked your science class to determine the 
following: 
 
When will the lake be safe again, with a concentration of .75 parts per billion?   
This number is estimated so that the graph would have some meaning.  The actual toxicity level of 
Polonium-210 is much lower. The actual toxicity level is 0.0125 grams per billion, by mass.  One millionth 
of a gram would most likely kill an 80-kg person.  This is why safety precautions are so strict at nuclear 
research facilities, and nuclear power plants. 
What was the concentration when the Polonium210 was placed in the lake 100 days ago? 
Why is Polonium-210 not found naturally on Earth? 
 
1.         Use pennies as a substitute for Polonium210. 
2. Count out 60 pennies.  These 60 pennies equal the present concentration of 6 parts 
per billion of Polonium210.  30 pennies would equal 3 ppb; 10 pennies would equal 1 ppb 
and so on and so on.  Record 60 pennies, and 6ppb, in your data chart at time “present”. 
3. Place all of the pennies face UP.  This means that all of them are Polonium210.  Put 
them all in a cup, shake them up, and spill them out onto a table.  The pennies that have 
come up “TAILS” are now stable lead.  Move them aside.  Record the number of pennies 
faces up in your data chart.  These are still “Polonium210”. 
4. Continue this process until all of the Polonium210 has converted into stable lead. 
5. Complete two trials (steps 1 through 4) so that you can see if one of the trials was 
outside of a reasonable statistical range. 
6. GRAPH your result using the average of the two runs. 

a. Remember, each shake of the pennies represents one half-life of  
Polonium210.  The half-life of Polonium210 is 138 days. 

 b. Let your “x” axis extend a bit to the left of the “y” axis, because you are 
asked to look back in time.  The “x” axis represents time. 
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Assessment: 
Question One Example: 
The lake will be safe again in four half-lives, or 552 days.  I found this by finding the 
point on the “y” axis that corresponded to .75 ppb, and drawing a straight line over to the 
graph.  I then made a line straight down to the “x” axis, and found that the time was four 
half-lives.  Each half life is equal to 138 days, so I multiplied 4 x 138, and found time in 
days to be 552. 
 
Question Two Example: 
The concentration of Polonium-210 when it was placed in the lake 100 days ago was 9.1 
ppb.  I found this by going “back” in time 100 days on the “x” axis, and drawing a straight 
line up to the graph I made.  I knew that the concentration one half life before 6 ppb must 
have been 12 ppb.  I then made a line straight over to the “y” axis, and found an amount of 
9.1 ppb. 
 
Question Three Example 
The half-life of Polonium-210 is so short that if any of it ever did exist on Earth, it would 
have long, long ago decayed into something else.  In fact, if the entire Earth had started 
out as Polonium-210, it would now be a planet made of Lead-206, surrounded by an 
atmosphere of Helium.  The planet would also be very, very hot. 
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Trial #1 
 
Shake (Time)  Polonium210 ppb Changed to lead ppb  Total 
 
 0   60   0   60 

 1         60 

 2         60 

 3         60 

 4         60 

 5         60 

 6         60 

 7         60 

 8         60 

 9         60 

 10         60 

 
Trial #2 
 
Shake (Time)  Polonium210 ppb Changed to lead ppb  Total 
 
 0   60   0   60 

 1         60 

 2         60 

 3         60 

 4         60 

 5         60 

 6         60 

 7         60 

 8         60 

 9         60 

 10         60 
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Additional Content: 
When you turn in your lab report, you will be giving your instructor four (4) sheets of 
paper in the following order. 
 a. The graph, using the average of the two experimental runs. 
 b. A separate sheet of paper answering questions one, two and three, in  
                        complete sentences. 

c. A separate sheet of paper, containing your data chart. 
d. This sheet of paper, containing your instructions. 
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