
Date: June 1999

Course: SPH 4A1

Unit: Nuclear Physics

Lesson 4: Title: When it goes, Nobody knows

Preliminaries: go over homework from yesterday.
Apparatus needed: Einstein’s quote on Marie Curie??

Lesson:

Half lives:

We can’t predict when an individual atom will decay -- it is one of the few things that is totally random‑-, but using statistics for a large number of atoms, we can say that half of them will decay in a certain time period.  For example, the half life of Po-210 is 140 days. (it emits an alpha particle to go to Pb‑206).
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Demonstration: a whole pile of pennies on a sheet-- all heads up; bounce sheet, remove those that have flipped, record number left, repeat.

ASIDE: Half Life Equation







let 
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* This equation is useful for finding time if you know all of the other data.


Example: you have 1000 atoms of Au-199. It decays by emitting beta particles with a half life of 3.14 days. How many gold atoms are left after 1 week?

Which is more dangerous,  a substance with a long half life or a short half life? 

Short half life: lots of radiation in a very short time: keep it well sheilded for a couple of hours and then it is no longer dangerous.

Long half life: low level of radiation but will be active for millions of years. Not too dangerous in small quantities.

Medium half life: quite active and will stay active for many years ( a problem.

Radiocarbon dating

There are two isotopes of carbon found in nature. C-12 is the common one. A small number of carbon atoms are C-14. They are produced by cosmic rays, which hit something?? to produce neutrons:

10n + 147N -->  146C +  11p
C-14 has a half life of 5730 ( 30 years and decays to N-14 as we saw yesterday.

There is always a certain amount of C-14 in all organic matter. This amount decreases over time as the C-14 decays. By determining the ration of C-14 to C-12 in a piece of wood, we can determine the age of the wood. (Assuming that the cosmic rays, etc. have been constant over the millenia!)

Example: In normal wood, the ratio of C-14:C-12 is 1.3 E-12:1. If there are 1000 C-14 atoms for each 1E15 C-12 atoms, how old is the wood?  ... there should be 1300 C-14 atoms.
( 1000 = 1300 e^(-(*t) where ( = ln(2)/ 3670.  Solve for t.

Homework: 
Assignment: find two unstable (radioactive) isotopes from the chart of the nuclides.  http://www.nndc.bnl.gov/nudat2/  One of them must have more than 50 protons. The two radioisotopes must decay by different means. You cannot use an example that has been done in class.
 
a) Write down the the half-life of the parent nuclei. 
b) What percentage is left after 21 days?
c) Calculate how long it would take for a 10 g sample to decay until there is only 1 g of the parent nuclide left.
d) Write the decay scheme (nuclear equations) until they become stable. 

Evaluation: 
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