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Name _____KEY______________________________
1.  Are you familiar with the game of pool?  A player shoots the cue ball into a triangle of densely packed billiard balls, and then the balls spread apart or break.  How is this similar to nuclear fission?


When a neutron is shot into the large nucleus of a uranium-235 atom, the nucleus splits into two smaller nuclei and releases two or three neutrons.  This is nuclear fission.
 

2.  Why is the energy released in a nuclear fission reaction much greater than the energy released by the natural, spontaneous decay of a radioactive isotope?  What is a chain reaction?  

If one of the neutrons produced in the fission reaction is absorbed by another uranium-235 nucleus, another fission reaction can result, releasing more neutrons. In a chain reaction, neutrons released during the splitting of an initial nucleus trigger a series of nuclear fissions.
3.  One use for controlled nuclear fission reactions is generating electricity.   


a. Describe how energy is created in a nuclear reactor.  Include the two types of reactors.
Boiling water reactor: heats up the water in the reactor until it boils into steam and spins the turbine.

Pressurized water reactor: heats up the water in the reactor, but it is kept under pressure so it doesn’t boil. The hot water is then piped to another supply of water that becomes steam and spins the turbine.



b. What are pros to nuclear energy?

Low pollution: only steam is released, not carbon dioxide or methane


Low operating costs: uranium costs are low


High efficiency: high energy density compared to fossil fuels

Jobs for people to build and maintain facilities



c. What are cons to nuclear energy? 

Moderately high start up costs

It is NOT reusable! The uranium is limited and cannot be produced again and again on demand

Mining and refining uranium is not a clean process


The waste produced is radioactive and dangerous 

Where to dispose of the waste? Dangerous to living things near the plants
Nuclear accidents: Chernobyl, Fukushima

Targets for terrorism activities

4. What is your stance on the use of nuclear energy?  Give a detailed explanation of your stance, including why you are for or against it. Keep in mind the counterargument, and address those issues as well.


You decide! (
5.  While nuclear fission produces more energy than one molecule of dynamite, nuclear fusion releases even more energy!  What is nuclear fusion?   What conditions are necessary for nuclear fusion to occur and why?  

Nuclear fusion is a process in which the nuclei of two atoms combine to form a larger nucleus.  The protons in each nucleus will tend to repel each other because they have the same positive charge. To achieve fusion, special conditions are needed to overcome this tendency: high temperatures and high pressure. 
6.  Where does nuclear fusion occur?  How do we notice the energy released from this reaction?  


Nuclear fusion occurs in the sun and other stars. We notice the heat and light.

7.  Another application of nuclear reactions is nuclear weapons. Though they are prohibited by the Nuclear Weapon Ban, describe the two main kinds nuclear bombs.

a. Atomic Bomb

Atomic bombs are weapons that get their explosive energy from fission reactions. When a single free neutron strikes the nucleus of an atom of radioactive material like uranium-235, uranium-233 or plutonium-239, it knocks two or three more neutrons free. Energy is released when those neutrons split off from the nucleus. This process continues through a chain reaction.. 

b. Hydrogen Bomb aka Thermonuclear Bomb

Thermonuclear weapons, or hydrogen bombs, rely on a combination of nuclear fission and nuclear fusion. In order to trigger the more powerful fusion reaction, you need a ton of energy – like the energy that comes from a fission bomb. So, thermonuclear weapons are really made of two bombs: a fission bomb and a fusion bomb. 

8.  Tracers are radioisotopes that are used to find or keep track of molecules in an organism.  
a. Describe their use in medicine.
Diagnosis and treatment of various medical conditions

See how an organ functions – ex: thyroid, bones, heart, liver, and many other organs - by using imaging devices which register the gamma rays emitted from within.

Single photon emission computerised tomography (SPECT) is the current major scanning technology to diagnose and monitor a wide range of medical conditions.

A more recent development is positron emission tomography (PET) which is a more precise and sophisticated technique using isotopes produced in a cyclotron. A positron-emitting radionuclide is introduced, usually by injection, and accumulates in the target tissue. As it decays it emits a positron, which promptly combines with a nearby electron resulting in the simultaneous emission of two identifiable gamma rays in opposite directions. These are detected by a PET camera and give very precise indications of their origin. PET's most important clinical role is in oncology, with fluorine-18 as the tracer, since it has proven to be the most accurate non-invasive method of detecting and evaluating most cancers. It is also well used in cardiac and brain imaging.
https://www.world-nuclear.org/information-library/non-power-nuclear-applications/radioisotopes-research/radioisotopes-in-medicine.aspx 
b. Describe their use in agriculture. 
Monitor the uptake of fertilizer
EX: A solution of phosphate, containing radioactive phosphorus-32, is injected into the root system of a plant. Since phosphorus-32 behaves indentically to that of phosphorus-31, the more common and non-radioactive form of the element, it is used by the plant in the same way. A Geiger counter is then used to detect the movement of the radioactive phosphorus-32 throughout the plant. This information helps scientists understand the detailed mechanism of how plants utilized phosphorus to grow and reproduce. https://www.teachnlearnchem.com/Agricultural%20Applications.htm 

Food irradiation, fertilizers, insect control, plant mutation breeding
https://www.world-nuclear.org/information-library/non-power-nuclear-applications/radioisotopes-research/radioisotopes-in-food-agriculture.aspx 

9.  How do oncologists treat cancer with radioactivity?  Does the radiation affect only cancer cells?  


Implant radioisotope near tumor or focus gamma rays from outside the body directly at tumor

Cancer cells grow quickly and absorb more radiation than normal cells, but all cells can be damaged
