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Learning Objectives from the beginning of the chapter in OpenStax College Physics
32.6. Fission

• Define nuclear fission.

• Discuss how fission produces a chain reaction in a nuclear power plant.

• Describe controlled chain reactions.

32.7. Nuclear Weapons

• Be aware why nuclear weapons were developed.

• Explain the ill effects of nuclear explosion.

Describe how the Three Mile Island accident occurred and what the effects were.

Describe how the Chernobyl accident occurred and what the effects were.

32.6 Fission
What takes place when fission occurs?

Fission came to be understood in the late 1930's and was controlled in the early 1940's.

Describe the importance of fission nuclear power plants to the world as described in the textbook.

Fission of large nuclei releases energy because the products are closer to the peak of the binding energy curve than the original large nucleus.  About how much energy is released per fission? _________ MeV

Even though about 10 times more energy is released for one fission than for one fusion, the energy released per kilogram is greater for fusion since hydrogen is much less massive than uranium.

When you work energy calculations for fission you will be told which isotopes are involved.

Q1. Why is the uranium ore dug out of the ground not put directly into fuel rods for a fission reactor?

Q2. What is enrichment?

Q3. How is enrichment performed?

Why might the probability that a nucleus will capture slow neutrons be larger than the probability of capturing a fast neutron?

Fission releases a large amount of energy.  Are the neutrons released by fission fast or slow?

What is the purpose of a moderator?

Q4. What are the characteristics of a good moderator?

Heavy water is a moderator used in some reactor designs.  Heavy water uses deuterium as the hydrogen atom in the water molecule.

In a chain reaction, neutrons from one fission cause fissions in other uranium-235 nuclei. The number of fissions will grow exponentially if slow neutrons and enough uranium-235 nuclei are available per cubic meter.   A nuclear power plant cannot have a nuclear explosion because the uranium is not enriched enough (there are not enough uranium-235 targets).  But there is a chain reaction in the reactor and the energy output needs to be controlled to avoid damage from high temperature and pressure in the nuclear plant.  To limit the rate of fissions, some of the neutrons released by the fissions need to be absorbed.  The control rods of the nuclear reactor absorb neutrons.   When the control rods are inserted in between the rods that hold the uranium fuel the number of fissions is reduced (but not reduced to zero).

Fission releases energy so the temperature increases in the uranium fuel rods.  The primary coolant loop transports this energy to the heat exchanger to keep the fuel rods from melting.  In the heat exchanger, energy moves from the primary coolant loop to the secondary coolant loop and steam is created.  This steam drives the blades of turbines that generate electricity using the principle of Faraday's Law.

There are many more neutrons than protons in uranium-235.  Suppose the fission produces two nuclei that have roughly equal masses.  These nuclei are much lower in the periodic table than uranium.  Recall the graph of the number of neutrons vs. number of protons.  This graph had a solid pink section that showed the stable nuclei.  Why are fission fragments radioactive?

Uranium-235 is not an abundant isotope of uranium.  It is possible to produce fissionable plutonium from a non-fissionable isotope of uranium.  A breeder reactor produces plutonium, and produces more fissionable fuel than it consumes. Optional: http://en.wikipedia.org/wiki/Breeder_reactor

Q5. What is done with the radioactive fission products when a fuel rod reaches the end of its useful life?

FOSSIL FUELS

Coal and oil fired electrical generating plants are not without problems.  Large quantities of the fuel have to be mined or pumped from the ground.  The fuel has to be transported.  Greenhouse gases and particle pollutants are released when the fuel is burned.  And, radioactive isotopes in coal are released into the air.

http://www.scientificamerican.com/article.cfm?id=coal-ash-is-more-radioactive-than-nuclear-waste

32.7 Nuclear Weapons
Research on fission was done during World War II.  The first nuclear reactor was secretly built in Chicago in 1942.  This seems a little bold to me but the physicists believed they understood the fission process and could control the rate of fissions.    Optional: http://en.wikipedia.org/wiki/Manhattan_Project

What environmental impact occurs from a nuclear bomb?

THREE MILE ISLAND  March 1979

Prof. Clements was teaching at Dickinson College (about 20 miles from Three Mile Island) when the accident occurred.  A faculty member at Dickinson lived about one mile from Three Mile Island.

If possible you should watch an excellent documentary: Meltdown at Three Mile Island.
https://www.youtube.com/watch?v=lAmW8wkHNv4
http://www.pbs.org/wgbh/amex/three/

After you watch the video about Three Mile Island you should be able to answer these questions:   

Where is Three Mile Island located?

What caused the accident?   

What limited the knowledge of the plant operators as the accident progressed?

How did human intervention make the accident worse?




Why was there a concern about the hydrogen bubble? (2 reasons)

Did the reactor vessel melt?

Was the concrete containment wall cracked?

Did radiation leak into the air outside the plant?

Optional:  http://www.pbs.org/wgbh/amex/three//filmmore/description.html

Optional:   http://www.history.com/this-day-in-history/nuclear-accident-at-three-mile-island

CHERNOBYL  April 1986

Chernobyl is located in Ukraine.  Human error led to a power surge in the core of the reactor.  This surge of power caused an explosion that breached the containment and started a fire in the graphite (carbon) moderator.  This fire carried radioactive isotopes high into the atmosphere.  Winds carried the radioactive isotopes to other countries.  At least 31 firefighters and plant personnel were killed in the first days from radiation exposure.  The radiation released has caused cancers in those who were exposed to heavy amounts of fallout.  Land for about 20 miles radius around Chernobyl was evacuated and remains uninhabitable.

Optional:  http://www.history.com/this-day-in-history/nuclear-explosion-at-chernobyl
------ 
Transmutation of Elements
Would you like to have more pure gold in your possession? Is it possible to change one element into another element via a chemical reaction?   Alchemists tried to do this, unsuccessfully, hundreds of years ago.

During a nuclear reaction protons or neutrons or nuclei combine with other nuclei.  In a transmutation the initial nucleus is changed into another nucleus (often another element).   If the mass of the products is greater than the mass of the reactants the nuclear reaction requires some kinetic energy on the reactant side of the process.  Positively charged objects are repelled by the nucleus and have difficulty getting close enough to the nucleus to merge with the nucleus.  Neutrons are not repelled and are effective projectiles for causing nuclear reactions.

Nuclear reactions can change some starting element into gold.  However, the cost of the process far exceeds the value of the gold that is produced.

ANSWERS   ……………………..

Q1. You should know that certain isotopes fission more easily than other isotopes.   Uranium-235 fissions easily but has a low abundance.

Q2.  In order to produce fuel for nuclear reactors the density of uranium-235 has to be increased.  Enrichment raises the number of uranium-235 isotopes in the uranium material.  You may have heard news reports about enrichment projects in various countries that are causing concern for the United States since those countries are not on friendly terms with the United States.

Q3. The isotopes have different masses.  The book  briefly discusses the most popular separation method.  You only need to know that the separation is accomplished based on the mass difference.

Q4.  The moderator should slow the neutrons but not absorb the neutrons.

Q5.  Each nuclear reactor stores spent fuel rods in a pool of water at the site of the nuclear reactor.  The USA does not have a site for long term storage of spent fuel rods.
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