Radiation Notes
Key Concepts:
· Radioactivity: “the release of nuclear radiation in the form of particles & rays from a radioactive element.”

· Isotopes are often unstable – they have more neutrons than the element “wants”

· The isotopes are naturally occurring & decompose at different rates depending on the type of element.

· A nucleus that is unstable can become stable by undergoing a nuclear reaction (or change)

· Properties:  Alters photographic film; produce fluorescence in some compounds, electric charge can be detected in the air surrounding radioactive elements; damages cells in most organisms.
· As the atoms decompose, they give off alpha, beta & gamma particles

Types of Decay:

· Alpha Particles  (( -ray)

	· helium atom given off: 2 protons + 2 neutrons.

· Remaining atom has an atomic number 2 less than the original atom & an atomic mass 4 less than the original atom.

· Weakest type of radiation – can be stopped by a sheet of paper.
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· Beta Particles ((-ray)

	· High-speed “electron” that is formed inside the nucleus when a neutron breaks apart.
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· Can pass through 3 mm of aluminum

· 
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· Gamma Rays ((-ray)
· Energy that is given off.

· The most penetrating & dangerous of the radiation – can pass through several cm of lead

· Does not change the atomic number or mass of an element
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Half Life:

· The amount of time it takes for an isotope to have half of the original amount.
· Varies depending on the element.

· Remember, you can’t use a calculator on the AP exam – here’s another way to do half-life problems other than the pre-Calc way.

· Example:

	Original amount in sample:

20 g

10 g

5 g

2.5 g

1.75 g
	Half Life of Radium-226 = 1600 years

Today

1600 years from now

3200 years from now

4800 years from now

6400 years from now


Fission vs. Fusion:

· Fission:  breaking an atom into pieces that are approximately the same size.
· Fusion:  forcing two atoms to have one nucleus – how the sun produces energy

· Chain Reaction:  when the pieces that “break away” hit new atoms & break them apart

· Both produce huge amounts of energy (fusion more so)

Uses:

· Carbon-14 : found naturally in bones, used in detecting how old bones are)

· Cobalt-60 : treatment of cancer

· Uranium-235 : fuel in nuclear reactors

· X-Rays

· Barium – x-rays of the digestive system (by drinking)

· Used as “tracers” – small amount of radioactive isotope mixed in with harmless isotope.  Both have the same properties, but the radioactive one can be detected moving through an organism.

· Kills bacteria in food

Dangers:

· Causes cancer; kills healthy cells

· Metals & structural materials may be weakened.

Important Discoveries:  

· Henri Becquerel: discovered nuclear radiation

· Marie & Pierre Curie: discovered several radioactive elements (Po, Ra, Fr)  

Practice Problems

1. Fill in the blanks in the following radioactive decay problems.

a. 23892U  (  42He + ___________

b. 22387 Fr  (  _______  + 22388Ra

c. ______  (  42He  +  21884Po

2. Determine the remaining daughter nuclei when polonium-209 undergoes alpha decay.
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What is the half-life of carbon-14? How do you know?
4.  What percentage of carbon-14 remains after 17,190 years?
5. The half-life of radium-222 is 38 seconds.  How many grams of radium-222 remain in a 12-gram sample after 76 seconds?  After 114 seconds?

6. If gallium-68 has a half-life of 68.3 minutes, how much of a 10.0 mg sample is left after one half life?  Two Half-lives?  Three half-lives?

7. If the passing of 5 half-lives leaves 25.0 mg of strontium-90 sample, how much was present in the beginning?

8. Iodine-131 has a half life of 8 days. After 4 half-lives, what fraction of the sample is still radioactive? 

9. List the fraction amounts for each half-life up to 10 half lives. 

10. Uranium-235 has a half life of 710 million years. If the sample is considered safe when it is at .10 percent of the original, how many years would that take?
