
Physical Science
Module 

PS-2.6
Structure and Properties of Atoms
Lessons A-B

Instructional Progression:
Students have not been introduced to fission and fusion prior to Physical Science. Students were introduced to nuclear decay in indicator PS-2.2. Fission and fusion are two very different nuclear reactions. Students often confuse chemical reactions with nuclear reactions. It is therefore essential that students understand the processes of nuclear reactions to the extent that they can differentiate them from chemical reactions, and also to understand the roles that nuclear processes have in global affairs (PS-2.7).

Taxonomy level of indicator:
2.6-B Understand Conceptual Knowledge

Key Concepts:

Nuclear fission: chain reaction, critical mass

Nuclear fusion

Content Overview
It is essential for students to

· Understand that nuclear reactions involve the particles in the nucleus of the atom (as opposed to chemical reactions, which involve the electrons in an atom and where the nucleus remains intact).

· Understand that there is a great deal more energy change involved in nuclear reactions than in chemical reactions.

Nuclear fission

· Understand the processes of nuclear fission.

Nuclear fission occurs when a heavy nucleus, such as the U-235 nucleus, splits into two or more parts, a large amount of energy is released.

The absorption of a neutron by a large nucleus (such as U-235) is one way to initiate a fission reaction.

When an atom with a large nucleus undergoes fission, atoms that have smaller nuclei result. In the process smaller particles, such as neutrons, may be ejected from the splitting nucleus.

If one or more ejected neutrons strike another U-235 nucleus, another fission reaction may occur. The continuation of this process is called a chain reaction. There must be a certain minimum amount of mass, called a critical mass, of fissionable material in close proximity for a chain reaction to occur.

 
than the amount of energy required to produce the reaction.

Using fusion for nuclear power plants is still in the developmental stage.

A hydrogen bomb, also called a thermonuclear bomb, utilizes nuclear fusion. Understand that fission is the type of nuclear reaction that occurs in nuclear power plants and other nuclear applications (atomic bombs, nuclear-powered submarines and satellites).

Understand that the mass of the products of a fission reaction is less than the mass of the reactants.

This lost mass (m) is converted into energy (E). The equation E = mc2 shows the relationship of this “lost mass” to the energy released. (It is not essential for students to use this equation.)

The conversion of mass to energy during a nuclear reaction involves far more energy than the amount of energy involved in a chemical reaction.

Nuclear fusion

· Understand the processes of nuclear fusion

Nuclear fusion occurs when light nuclei (such as hydrogen) fuse, or combine, to form a larger single nucleus (such as helium).

As in fission reactions, in fusion reactions the mass of the products is less than the mass of the reactants and the “lost mass” is converted to energy.

Fusion is the type of nuclear reaction that occurs on the sun (and other stars).

Forcing small nuclei to fuse requires huge amounts of energy; however, when fusion reactions occur on the sun, more energy is released
Teaching Lesson A:
Chain Reaction
Introduction to the lesson:
Nuclear reactions occur as chain reactions once enough energy is provided once the critical mass has been reached. A great deal of energy is released from the reactions. Student use matches to simulate a chain reaction.
Lesson time:

.5 day
Materials Needed:

Two small boxes of matches


One lump of modeling clay


Cookie sheet
Essential Question:

How can a fusion reaction be demonstrated using simple materials?
Procedure:

A.

1.
Obtain your clay, pan and matches. You will not be given any additional matches.

2.
Place the clay on the pan and flatten.  Arrange the matches in the clay so that each one lights two other matches. Use only one box of matches for this part, saving one match for lighting them. DO NOT LIGHT MATCHES YET.

3.
Draw a picture of your arrangement on your data table.

4.
When you have completed this drawing, raise your hand for your teacher to approve your arrangement.

5. Once your arrangement has been signed off, wait for the others to finish and the teacher will signal to go outside.

6. At the teacher’s signal light the first match.

7. Blow out all matches as soon as the last one is lit. You are observing how they light NOT how they burn!

8. Record observations on the data sheet.

9. Dispose of matches in the designated trash container.

B.


1.
Arrange the second box of matches so that most when lit will light only one other match. Some should light two and some should light none. All of the matches should light.

2.
Draw the arrangement on the data sheet. Raise your hand for teacher to check off your arrangement and drawing.

3.
Once your arrangement has been signed off, wait for the others to finish and the teacher will signal to go outside.

4.
At the teacher’s signal light the first match.

5.
Blow out all matches as soon as the last one is lit. You are observing how they light NOT how they burn!

6.
Record observations on the data sheet.

7.
Dispose of matches in the designated trash container.

8.
Return the clay to its container.

C.
On your data sheet draw an arrangement that would represent a subcritical mass.

Assessing the Lesson:
Formative Assessment

Questions:

1. Is model A an example of an expanding chain reaction (supercritical mass) or a limited chain reaction (critical mass)? Explain your answer.

2. Is model B a chain reaction? If so, what type? How is this reaction different from the first?

3. Would a chain reaction take place in model C? Why or why not?

4. Which model represents what happens when a nuclear bomb explodes? Which shows the reaction in a reactor? How are they different?

5. How could you stop model B in the middle of lighting the match (no water allowed)?

6. Would it be practical to stop the first reaction in the same manner? Why or why not?

7. In what ways are these reactions like those in a nuclear chain reaction? How are they not like a nuclear chain reaction?

Note:

An alternate procedure is to use dominoes, safer but not as dramatic!!

Teaching Lesson A (Alternate)
Domino Chain Reaction – Activity
Introduction to the Lesson:

Nuclear reactions occur as chain reactions once enough energy is provided once the critical mass has been reached. A great deal of energy is released from the reactions. Student use dominos to simulate a chain reaction.
Lesson Time:

1 day
Materials Needed:
100 dominos
Table or floor space

Stopwatch

Essential Question:

How can a fusion reaction be demonstrated using simple materials?
Procedure:

1. Set up a strand of dominos about half a domino length apart in a straight line.  Gently push the fist domino over, and measure how long it takes for the entire strand to fall over.

2. Arrange the dominos in a pyramid shape, so when one domino falls, it hits two dominos.  Those two then hit four.  These topple even more dominos to create a chain reaction.  When you finish setting up the dominos in this pattern, measure how long it tales for the entire pile of dominos to fall.

3. Extension:  Insert a pencil so some of the dominos are prohibited from hitting another domino.  This illustrates the function of a control rod.
Assessing the Lesson:

Formative Assessment
1. Which domino set-up caused the dominos to fall faster?  Why?

2. What caused the dominos to stop falling?

3. How was the chain reaction domino pattern similar to the nuclear fission process?

4. How was the chain reaction domino pattern dissimilar to the nuclear fission process?
Teaching Lesson B
Fission and Fusion Model Activity

Introduction to the Lesson:

Fission and fusion will be compared both to illustrate the basic processes and to show the comparison between how much energy is released in the two reactions.
Lesson Time:

0.5 day
Materials Needed:

· 2 mL dish detergent (Joy or Dawn work well) 

· 5 mL glycerin 

· 6 mL water 

· 10 mL Graduated cylinder 

· Small plastic tray (approximate capacity of 100 mL, approximately 8 cm in diameter) 

· 2 pieces of wire (able to be easily bent), 25 cm in length 

· Wood splint 

Essential Question:

How can students create an easy model to illustrate fission and fusion?

Procedure:
1 Use the graduated cylinder to carefully measure 2 mL dish detergent, 5 mL glycerin, and 6 mL water into the tray. Use the wood splint to stir the liquid until it is of a uniform consistency. 
2 Make two bubble wands from the wire pieces. Take each piece of wire and form a 3-4 cm circle at the center of the length, twist the two ends together to form the handle (see diagram).
3  Hold one wire frame in each hand. Dip the two circular wire frames in the solution. 

4 Gently blow through each wire frame to create a bubble with a diameter a little larger than the frame, and catch the bubble on the frame. 
5 Bring the frames and the bubbles together. Let the bubbles press against each other until they form one large bubble. This illustrates the fusion process. 
6 Stretch the bubble by pulling the two frames farther apart until the bubble separates into two bubbles, one in each frame. This demonstrates the fission process. When this is done a little faster a small bubble may be released, illustrating the released neutron.
Assessing the Lesson
Formative Assessment
Observation of student activity and discussion after the activity should provide ample information to the teacher as to whether the students have mastered the concept. 
                                          SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area:  Science
	Science Inquiry Skills-These standards should be addressed during the first few weeks of school and revisited throughout each unit.                                                   Physical Science

	Recommended  Days of Instruction:  1
	(one day equals 90 min)

	Standard(s) addressed:  PS-2  The student will demonstrate an understanding of the structure and properties of atoms.

	

	Structure and Properties of Atoms

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	PS 2.6 Compare 

fission and fusion 

(including the basic processes and the 

fact that both 

fission and fusion 

convert a fraction of the mass of 

interacting particles 

into energy and 

release a great 

amount of energy). 


	SC Science Standards Support Guide www.ed.sc.gov/apps/cso/standards/supdocs_hs.cfm?
Physical Science Textbook (see appendix for correlations to standards)

Energyquest.Ca.gov

http://www.energyquest.ca.gov/story/chapter13.html

Good description of both fusion and fission.
	Module 2-6
Lesson A

Chain Reaction or Domino Chain Reaction Model

Lesson B 

Nuclear Fission and Fusion Model



	Assessment Guidelines:

The objective of this indicator is to compare fission and fusion, therefore, the major focus of the assessment should be to identify the similarities and differences in fission and fusion, the consequences, and the applications of the two processes.In addition to compare, assessments may require students to Exemplify relevant uses of each process; Classify a process as either fission or fusion; Summarize major points about the steps in each process;


	Structure and Properties of Atoms

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	
	
	
	Illustrate the process in a diagram format;

Recognize each process from an illustration.




Standard: The student will demonstrate an understanding of the structure and properties of atoms. 








  2.6:   Indicator: Compare fission and fusion (including the basic processes and the fact that both fission and fusion a fraction of the mass of interacting particles into energy and release a great amount of energy). 


Other Indicators Addressed: PS-2.7


	















