Quiz:  Session 9 WR150 – Radiation & Half-Life
Name____________________________________

Choose either of the following essays to write:

A chunk of radium is hot to the touch and glows in the dark.  As Madam Curie discovered, its "atoms" give off heat.  The earth is hot (allowing tectonic plates to float around on molten mantel and volcanoes to renew elements from below) 4.5 B years after it was formed.  It should have cooled off 100K years after formation if it were just a blackbody radiating into space.  Jupiter emits more heat than absorbed from the sun.  Write a short essay on the common source of this heat.

Stable 12C, with equal numbers of protons and neutrons in its nucleus, has a heavier, unstable brother 14C.  This is the famous radioactive isotope used in carbon dating.  An atom of 14C has 6 protons, which defines it chemically as carbon; 6 electrons buzz around the nucleus and electrically neutralize the atom.  The nucleus also has 8 neutrons inside, giving the total mass of 14 amu (atomic mass units), or ~14 GeV of mass (mn ~mp ~ 1 GeV, gigaelectron volts).  The excess of neutrons over protons renders the 14C nucleus unstable; one of the neutrons eventually decays to a proton, electron, and neutrino.  This is classic “beta decay.”

Plants eat both carbon isotopes and fix them in their cells at the equilibrium ratio in the atmosphere.  Subsequently, the 14C decays with the convenient lifetime (half-life) of ~6,000 years, comparable to the interval since the last glaciation and the time of migrations of early man.  
You determine that an old tree fern from under a glacier in Antarctica died 12,000 years in your radiochemical lab by isolating 1 nanogram of 14C from the tree.  How many nanograms of 14C do you calculate were originally in the sample when it died, and how do you come to this conclusion?  Write your answer in good WR150 scientific prose.

