What is a Nuclear Process?

Nuclear processes are those in which an atomic nucleus changes, including radioactive decay of naturally occurring and man-made isotopes, nuclear fission, and nuclear fusion.  Nuclear fission and nuclear fusion will be covered by student presentations.

What is radioactive decay?

Isotopes that undergo spontaneous reduction in the nucleus are considered radioactive. Neutrons can fall apart to release an electron and a proton. In other cases, two protons and two neutrons can leave the nucleus. In other cases, just a large amount of energy is released.  Alpha, beta, and gamma decay are examples of the types of ways the nucleus can fall apart. Remember that the laws of conservation of mass and conservation of energy say that matter and energy are never gained or lost during a reaction, they only change forms.  When we talk about nuclear processes and radioactive decay we find that energy and mass can be converted to each other, thereby abiding by the laws of conservation of mass and conservation of energy.  Energy and mass are related to each other by the equation E=mc2.  C is a constant that stands for the speed of light.

What are some examples of naturally occurring and artificial radioactivity?

Natural radioactivity occurs in atoms that occur in nature.  Artificial radioactivity involves the bombardment of naturally occurring elements with other particles to produce “new” nuclei.  Artificial versions of naturally occurring elements can be created such as when aluminum-27 is bombarded to produce sulfur-32 OR when elements are put into nuclear accelerators and are bombarded with nuclei of various atoms.

Listed below are some radioactive isotopes along with the most stable isotopes.  

	Most stable isotope
	Radioactive isotope, more unstable, shorter half-life

	hydrogen -1
	hydrogen-3

	carbon-12
	carbon-14

	sulfur-32
	sulfur-35

	phosphorus-31
	phosphorus-32

	radium-226
	radium-224

	iodine-127
	iodine-131


What are transuranium elements?

Transuranium elements occur on the periodic table above number 92.  Uranium is element 92.  All elements “discovered” after element 92 were actually synthesized by human beings.  Many of these elements were synthesized at Lawrence Berkeley Laboratories located on the University of California, Berkeley campus.  

How can you tell if an isotope is stable?

Only 264 of the nearly 1500 known isotopes are stable.  This means that they do not decay or change over time.  The stability of an element depends on its neutron-to-proton ratio.  For elements of low atomic number, 20 or below, this ratio is 1.  Above atomic number 20, atoms are more stable if their neutron-to-proton ratio is greater than 1, nearing a ratio of 1.5 for the heavier elements. All nuclei with an atomic number greater than 83 are radioactive.  A majority of these undergo alpha emission.

What are quarks?

Quarks are components (parts) of protons and neutrons.  Not much is known about quarks, and after looking in 4 textbooks all I could find is a statement that says that quarks are components of protons and neutrons. It is believed that three quarks make up each neutron or proton.  Quarks have a charge of either –1/3 or +2/3.  A neutron has two –1/3 quarks and a single +2/3 quark, thus the net charge on a neutron is 0. A proton has two +2/3 quarks and a single –1/3 quark, thus the net charge on a proton is +1.  

Worksheet.  Admittedly, the teacher was assigned the topics that are least exciting and are more lecture based than the topics the students will be covering.  Likewise, the worksheet portion of the teacher example is much smaller than what is expected from the students.  Most of the teacher portion of the assignment was factual lecture based whereas the student assignments actually show or explain a process.  Since the student assignments are more user-friendly, they are expected to have lengthier worksheets and explanations.

Copy the question and answer either at the bottom of this paper or on another sheet of paper.

1.  Describe the three main ways that the nucleus of an atom can disintegrate?

a. neutrons fall apart to release an electron and a proton stays in the nucleus.

b. two protons and two neutrons can be released

c. a large amount of energy can be released. 

2.  How are transuranium elements different than natural elements?

transuranium elements are man-made

3.  What is the equation that relates energy and mass?

E= mc2
4.  How can you tell if an isotope is stable?

look at the neutron to proton ratio.

For elements #20 and less the ratio is 1:1.  The ratio changes to 1.5 :1 as you get to larger atoms. 

5.  Given the following isotopes, state which ones will be stable and which ones will be unstable (radioactive).  Show the neutron to proton ratio as your evidence, or state other proof as evidence for your answer.    
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,  radioactive  7:5 = 1.4:1 which is too large for such a small atom
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, stable, ratio is 1:1


[image: image4.wmf]Th

236

90
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, radioactive, ratio is 1.33:1
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, stable, ratio is 1:1

6.   What are quarks?

smaller components of protons and neutrons
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