Ch. 25

Nuclear Physics

Properties of the Nucleus
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The nucleus of an atom consists of protons and neutrons, which are collectively referred to as nucleons.  A neutron is an electrically neutral particle whose mass is approximately the same as a proton (neutron’s mass is slightly larger).  The atomic number Z is the number of protons in the nucleus which determines the element.  The atomic mass number or nucleon number (A) is the total number of protons and neutrons in the nucleus (A = Z + N, where N is the number of neutrons).  Nuclei that contain the same number of protons (same element) but different number of neutrons are called isotopes.  The strong nuclear force is the force of attraction between nucleons and is one of the three fundamental forces of nature.  This force balances the electrostatic force of repulsion between protons and holds the nucleus together.  The strong nuclear force has a very short range of action.  The binding energy of a nucleus is the energy required to separate the nucleus into its constituent protons and neutrons.  The binding energy is equal to ((m)c2 where (m is the mass defect of the nucleus ((E=((m)c2).  When specifying nuclear masses, it is customary to use the atomic mass unit (u), which is 1/12 of the mass of a carbon-12 atom (u= 1.6605 E –27 kg).  Alternatively, the mass of the nucleus is often expressed in terms of rest energy which is calculated by Eo=mc2 (1 u = 931.5 MeV).
· Example 1: The sun radiates energy at the rate of 3.92 x 1026 W.  (a) What is the change in the sun's mass in one second?   (b) How much mass does the sun lose in the lifetime of your average earthling (say, 75 years)?

Nuclear Stability
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For a nucleus to be stable, the repulsion between the positively- charged protons must be balanced by the strong nuclear force’s attraction between the nucleons.  For light nuclei, the number of protons is typically equal to the number of neutrons.  Heavy nuclei are stable only when they have more neutrons than protons.  Unstable nuclei spontaneously decay by breaking apart or rearranging their internal structures in a process called radioactivity.  The particles released are collectively called “rays”.  Three kinds of rays are produced by naturally occurring radioactivity:  ( rays, (rays, and ( rays.  They are named according to the first three letters of the Greek alphabet and by their extent to penetrate matter.  Alpha rays (He nucleus) are the least penetrating, being blocked by a thin (.01 mm) sheet of lead, while beta rays (electrons or positrons) penetrate lead a much greater distance (.1 mm).  Gamma rays (high-energy photons) are the most penetrating of the three and can pass through an appreciable thickness (100 mm) of lead.  A neutrino (() is an electrically neutral particle that is emitted along with beta particles and has a mass that is much smaller than the mass of an electron.  Neutrinos penetrate matter much farther than gamma rays.  In fact, a neutrino may penetrate one-light year (9.5E15 m) of lead without interacting with it.

· Example 2: Complete the following nuclear reactions:

(a)
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(b)
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Half-life and Radioactive Dating
· Radioactive decay occurs at a constant rate, like the ticking of a clock.  The half-life (T1/2) of a radioactive isotope is the time required for ½ of the nuclei present to decay.  Each radioactive element decays at its own constant rate.  Once this rate is known, scientists can determine the length of time over which decay has been occurring by measuring the amount of radioactive parent element and the amount of stable daughter elements (radioactive dating).   The decay of radioactive isotopes is uniform and is not affected by changes in pressure, temperature, or other chemicals since radioactivity is a nuclear process. 

	Radioactive Parent
	Stable Daughter
	Half-life

	Potassium-40 
	Argon-40 
	1.25 billion yrs

	Rubidium-87
	Strontium-87
	48.8 billion yrs

	Thorium-232
	Lead-208
	14 billion years

	Uranium-235
	Lead-207
	704 million years

	Uranium-238
	Lead-206
	4.47 billion years

	Carbon-14
	Nitrogen-14
	5730 years
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· Example 3:  Radon - 222 has a half-life of 3.82 days. How many days will have elapsed when the radioactivity of a Radon-222 sample has decreased to 1/32 of its original value?
Nuclear Reactions – Fission and Fusion
· Nuclear fission occurs when a massive nucleus splits into two less-massive fragments.  Fission can be induced by the absorption of a thermal neutron.  When a massive nucleus fissions, energy is released (the total rest mass of the products is less than the original rest mass of the heavy nucleus).  Neutrons may also be released during nuclear fission, which can in turn induce other nuclei to fission and lead to a process known as a chain reaction.  A nuclear reactor is a device that generates energy by a controlled chain reaction.
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· Nuclear fusion is a process in which less massive nuclei combine to form a nucleus with a larger mass (occurs in stars).  For the fusion of nuclei less massive than iron, the rest mass of the final products is less than the rest masses of the original nuclei (mass converted into energy; E=mc2).  Because fusion reactions release so much energy without the radioactive waste of fission, there is considerable interest in fusion reactors for the production of electricity, although to date no viable commercial units are being used.  Man-made fusion reactions have been carried out in thermonuclear reactors and in hydrogen bombs.  In a hydrogen bomb, the fusion reaction is ignited by a fission bomb.
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· Example 4: Determine the total number of free neutrons in the products of this reaction.  Is this fission or fusion?
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A is mass #


Z is atomic #
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Tritium (Isotope of hydrogen)  
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Alpha  decay – mass # decrease by 4; atomic # decreases by 2
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Beta minus decay – atomic # increases by 1	
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Beta plus decay – atomic # decreases by 1
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Gamma decay – no change in mass # or atomic #
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