VI.1 - WHAT IS FISSION?

Objective:  
To demonstrate the concept of nuclear fission and its resulting burst of energy to younger students.

Grade Level:
Middle school and elementary

Time Required:
Five to ten minutes

Materials:
notebook 



one long balloon


one pair of scissors

Procedure:



1.
The teacher will blow up the balloon and tie it closed. (Leave a small amount of room for expansion.) Explain that this balloon represents an atom of uranium.

2.
Twist the balloon in the center to make two separate air chambers. Hold it with two hands, pinching off both chambers with the fingers.

3.
Have a student cut the balloon between the two chambers, making two separate balloons. Explain that this is fission, the splitting of one atom into two atoms of smaller size.

4.
Let both the pieces go. As they fly away explain that this is like the energy released during fission.

5.
Retrieve both pieces. Ask if these pieces are useful anymore (no, they are not). Explain that these pieces are now like nuclear waste.

Analysis and Results:



Students must write down observations about what the teacher is doing with the balloon as the activity proceeds.
Assessment:
Have the students write the definitions of:

· an atom of uranium

· fission

· nuclear waste


Have the students discuss the disposal of the nuclear waste.

VI.2 - CRITICAL MASS

Objective:  
To better understand the concept of the critical mass needed to start a chain reaction.

Background:
A nuclear chain reaction is one where neutrons originating from nuclear fission cause an ongoing series of fission reactions. In a fission chain reaction, a fissionable nucleus, typically Uranium-235, absorbs a neutron and fissions, releasing additional neutrons. These, in turn, can be absorbed by other fissionable nuclei, releasing still more neutrons. A fission chain reaction is self-sustaining when the number of neutrons released in a given time equals or exceeds the number of neutrons lost by absorption in materials or by escape from the system. A critical mass is the smallest mass of fissile material that will support a self-sustaining chain reaction under specified conditions. 

Grade Level:  
Any grade level

Time Required:  
30 minutes to 1 hour

Materials:


(Given for a class of 30)




61 - Lightweight balls such as ping-pong balls or "Nerf" balls




30 - Folding chairs or easily moveable desks




Stopwatch or clock with a second hand

Procedure:


1. Arrange the student's chairs or desks in a square array approximately 3 feet apart. Give each student two balls and the teacher takes the last one.

2. The teacher throws their ball into the class. Any student hit with this ball throws their two balls into the air. Any students hit by these balls throw their balls into the air. The reaction continues until no more balls are in the air.

3. The students and teacher gather their balls. Move the student's chairs or desks approximately 1 foot apart. Repeat procedure 2.

4. The students and teacher gather their balls again. Move the student's desks or chairs tight against each other. Repeat procedure 2.

VI.2 - CRITICAL MASS (continued)

Analysis and Results:

1. Have the students measure the amount of time needed for each of the procedures.

2. Have the students describe the difference in the activity according to the distance between the chairs.

Assessment:

1. Have the students describe how this activity demonstrates the way a nuclear fuel in a nuclear reactor could provide a sustained heat source for generating electricity.

2. Have the students discuss why they were given 2 particles while the instructor started with only one.

3. Have the students discuss the possible differences using only half the class in the activity.

VI.3 - CHANGING HEAT INTO MOTION

Objective:
To demonstrate the concept of a turbine that translates heat into rotational motion, which could then be used to generate electricity.
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Background:
The vast majority of the electricity generated in the U.S. is produced at large, centralized power stations and then transmitted over power lines to remote customers. The heat source for these steam-based power plants is typically coal, nuclear, or natural gas. Regardless of the heat source, a device is needed to convert the steam into rotational energy that can be used to generate electricity. This device is a fan-like structure called a turbine. These plants operate by using the heat source to boil water and produce steam that passes through and rotates the turbine. This rotational energy moves arrays of magnets around massive coils of copper wire to produce electricity. Rotational energy is the kinetic energy possessed by a spinning shaft. The shaft is made to spin by fluid energy imparted to components attached to it. In the case of a turbine, the components are blades that are driven by a fluid, which may be air, water, gas or steam. In the case of a reciprocating engine, the components are pistons and connecting rods driven by internal combustion forces.

Grade Level:
Grades 6-12

Time Required:
20-25 minutes

Materials:
Steam Source (Teapot or Hot plate and Flask with one-hole stopper and rubber tubing)


Then for each team of two students:



Construction Paper, (8.5 inches x 8.5 inches)



Straight Pin



Pencil with Eraser

VI.3 - CHANGING HEAT INTO MOTION (continued)
Procedure:

1. Each team constructs a pinwheel by cutting a 5.5 inch diagonal from each corner of the paper towards the center. This creates four triangles. Bring the right end of each triangle to the center of the paper, but do not crease the paper. Push the straight pin through the four ends and the center of the paper, and then into the pencil eraser.

2. The teacher will create the steam source by heating water in the teapot or by pouring water in the flask until it is about half full. Then insert the rubber hose in the stopper and fit it into the top of the flask. Set the flask on a hot plate.

3. When the water is boiling, have one member of each team carefully hold their pinwheel over the steam vent from the teapot or direct the rubber hose at the pinwheel. The steam should start the pinwheel turning.

Analysis and Results:

1. Have the students describe what happens as the heated air impacts the pinwheel.

2. Have the students describe what they can physically see being emitted from the heat source.

Assessment:

1. How is this concept used in a power plant?

2. What sources of energy could be used to heat the water?

3. Why would the heating of water be important in a power plant?

4. Would a pinwheel with 8 blades instead of 4 work better? Why?

5. How is the energy transferred form one form to the other in a power plant?

6. How does energy transformation in a nuclear power plant differ from the energy transformation in a coal-fired power plant?
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