	Modeling Radioactive decay:  

       Decay by die


	Names:





Below is your sample of 100 atoms.  Your goal is to see how long it takes for them to decay by rolling dice.  A chosen number on the dice (you choose the “decay number”) will decay the atom.  Start with the first atom and roll the die.  If the roll resulted in a “decay” cross out the atom.  If the roll did not result in a decay, leave the atom standing, and move onto the next.  After the first set of rolls, note the number of atoms that remain.  Then start the process again with the first undecayed atom… and roll through the entire set of remaining atoms.  Now note the number of undecayed atoms after the 2nd set of rolls.  Continue the process until all your atoms have decayed. 
Decay by a single die:  You are allowed to roll only one die per atom.  The “decay number” you have chosen is (circle one): 



1
2
3
4
5
6

Guess:  How many sets of rolls will it take to decay half the atoms?

       How many sets will it take to decay ALL the atoms?  

Count the atoms that remain after each set of rolls! 
Note this data in the margin (Roll Set “Zero”:  0 / 100)  Eventually, no atoms will remain.  
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Radioactive carbon-14
is presentin all
living organisms.

Carbon dioxide
takes itinto the.
food cycle.




Questions about your data collection:

On the first roll set, or run through all the atoms, was there any discernable pattern to their decay?  Explain.

At any point in your data collection, did you feel like your die was “weighted”… ie. a cheater’s die?  Explain why or why not.

Plot your data below (with the roll set on the x-axis versus the number of atoms still remaining after that roll set on y).  You will have to scale the x appropriately and label the “ticks” on that axis with numbers.
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What mathematical shape is the graph (examples:  linear, parabolic, etc.)?

Define “half-life” (t½):
Eyeball your graph on the preceding page.  What is the approximate half life of this set of atoms (in roll sets)?
In mathematical representation, the number of atoms remaining in a set (Nt) relates to the original number (N0), the half-life (t½), and the time that has passed since the original number of atoms was counted (t):
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While in this case, the atomic nuclei decays, in “Lasers” we learned about another way of measuring the time it took for an atomic transition to occur, the “lifetime” of an electron in an excited state.  The “lifetime”  is often used to measure nuclear decay instead of half-life. The mathematical relationship is as follows:
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where ln(2) is the natural log of 2, about 0.7.  

What is the lifetime of a single atom in terms of roll sets?     
Round this to the nearest roll set.  Is there something special about the lifetime?  Explain:
Application:  carbon dating & other radioactive dating (from hyperphysics.phy-astr.gsu.edu):  

[image: image1.wmf]Carbon dating is a variety of radioactive dating which is applicable only to matter which was once living and presumed to be in equilibrium with the atmosphere, taking in carbon dioxide from the air for photosynthesis.

Cosmic ray protons blast nuclei in the upper atmosphere, producing neutrons which in turn bombard nitrogen, the major constituent of the atmosphere. This neutron bombardment produces the radioactive isotope carbon-14. The radioactive carbon-14 combines with oxygen to form carbon dioxide and is incorporated into the cycle of living things.

The carbon-14 forms at a rate which appears to be constant, so by measuring the radioactive emissions from once-living matter and comparing its activity with the equilibrium level of living things, a measurement of the time elapsed can be made.   Presuming the rate of production of carbon-14 to be constant, the activity of a sample can be directly compared to the equilibrium activity of living matter and the age calculated. Various tests of reliability have confirmed the value of carbon data, and many examples provide an interesting range of application. 
Carbon-14 decays with a halflife of about 5730 years by the emission of an electron of energy 0.016 MeV. This changes the atomic number of the nucleus to 7, producing a nucleus of nitrogen-14. At equilibrium with the atmosphere, a gram of carbon shows an activity of about 15 decays per minute. 

The low activity of the carbon-14 limits age determinations to the order of 50,000 years by counting techniques. That can be extended to perhaps 100,000 years by accelerator techniques for counting the carbon-14 concentration. 

Other types of radioactive dating more useful to older sample include rubidium-strontium dating, uranium-lead dating and potassium-argon dating (where ratios of one atom to the other are compared to each other, rather than measuring a population of a single species).
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