
CLOUD CHAMBER

Objective:
To ‘see’ radiation by observing the tracks its forms in a cloud chamber. The students will be able to see and record the different shapes of tracks created in a cloud chamber and will then be able to identify which shapes belong to which types of radiation.

Background:
A cloud chamber is a device that makes visible the paths of particles emitted as a result of radioactive decay. With the chamber, we have created an enclosed environment filled with alcohol vapor. There is a temperature gradient between the top and the bottom of the box. This means that we can produce more alcohol vapor at the top of the box that becomes super-cooled by the time it gets to the bottom of the box where the temperature is too low for the vapor to exist. This allows the vapor to easily change into a liquid. When an electrically charged cosmic ray comes along, it collides with air or alcohol vapor molecules, ionizing the vapor by ripping away the electrons on some of the gas atoms along its path. This leaves behind positively charged atoms. Nearby atoms are attracted to these ionized atoms, which initiate the condensation process. Eventually, enough atoms are attracted together to create visible liquid droplets which form “tracks”. These tracks mark the path left by the particle moving through the chamber. Different types of particles will leave different trails based on their mass and charge.


As an adjunct to this experiment, the students will make drawings of the tracks they see. They will use chalk that has been “contaminated” with glitter powder (Activity IV.2). This integrates information on contamination with the radiation and radioactivity aspects of this activity.

Grade Level:
5 and 6 as a demonstration, 7 and 8 as an activity

Time Required: 
About 50 minutes to build the cloud chamber




About 30 minutes to view the tracks




About 20 minutes to include the Glitter Powder Activity IV.2

Precautions: 


Dry ice is extremely cold and should never be touched with bare hands. Tongs or gloves must be used when handling the ice. Dry ice can burn and blister the skin. Place the dry ice on a plastic foam insulator such as a Styrofoam paper plate to protect the table surface. It is also suggested that the students not handle the radioactive sources.

IV.1 - CLOUD CHAMBER (continued)

Materials:
Empty, clean tuna or cat food can, or small plastic glass

Black matte spray paint

Dark construction paper

Chalk (in plastic bag in trunk)

Scissors

Isopropyl (rubbing) alcohol

Plastic wrap

Rubber band

Dry ice

Work gloves/tongs

Ice breaking implement

Styrofoam paper plate

Radioactive sources – (strings from Lantern Mantles, Am from smoke detectors, naturally radioactive rocks – located in the trunks)

Flashlight

Procedure:

Building the Chamber

1. Start by spray painting the inside of the can. This provides a dark background to contrast with the light vapor trails.

2. While the paint is drying, cut a strip of construction paper that is as wide as the inside of the can and long enough to cover the inside can wall (about 1.5 inches by 10 inches).

3. After the paint has dried, place the paper strip in the can and saturate it with alcohol. Turn the can on its side to saturate the strip and then drain off the alcohol.

4. Use the ice breaking implement (such as a hammer) to create several small blocks of dry ice or chips that will cover an area about 4 inches on each side. Then place the ice on a Styrofoam plate.

5. The more surface area of the bottom of the can that touches the dry ice, the better the cooling will be, so a flatter section of dry ice is recommended. The dry ice can also be sawn using an ordinary hacksaw to create the flatter surfaces.

IV.1 - CLOUD CHAMBER (continued)

Using the Chamber

6. Place a radioactive source in the chamber and cover the chamber with a piece of plastic wrap. Secure the plastic wrap with a rubber band.

7. Wait a few minutes to allow the alcohol in the chamber to become saturated at room temperature and then place the can on top of the ice.

8. Within a few minutes, the bottom of the chamber should be cool enough to form a supersaturated layer and develop tracks. The cloud chamber will not work without this inversion layer. The top of the chamber should be warm and the bottom very cold. Sometimes warming the top of the chamber by resting your hand on it will improve its performance. If the chamber is not working, remove it from the ice; let it warm to room temperature, and start again.

Analysis and Results:

1. Use chalk on dark construction paper to draw the tracks that you see.

2. The short heavy tracks should be alpha particles; the longer curved tracks are beta particles.

3. Particles that enter the cloud chamber from the sides or top are cosmic radiation and will have small tracks.

Assessment: 

1. How do the tracks generated by the radioactive particles resemble what you can see created by jet airplanes as they pass through the upper atmosphere?

2. Have the students describe how gravity affects the particles as they are emitted from the source.

3. Have the students describe the difference in the particle tracks.

IV.2 - GLITTER POWDER

Objective: 
To see how contamination is easily spread. 

(Note: this activity is done in conjunction with the cloud chamber activity)

Background:
Radiation and radioactivity are two words that are frequently incorrectly interchanged. The difference between radiation and radioactivity is important in considering the potential hazards of contamination. You cannot be contaminated with radiation (e.g. a gamma ray or an alpha particle) but you can be contaminated by a substance emitting radiation (radioactive substance), if it sticks to your clothing or skin. The difference between radiation and contamination is described by the analogy of approaching something unpleasant. As you approach it you are increasingly affected the closer you get, but you can reduce or eliminate the effect by walking away. This is equivalent to reducing radiation dose by limiting the time of exposure, increasing the distance from the source or the shielding between you and the source. However, if you make contact with the substance, the effect remains with you until you wipe it off or 'decontaminate' yourself.

Grade Level: 
5 and 6 as a demonstration, 7 and 8 as an activity

Time Required: 
About 20 minutes (as part of cloud chamber activity)

Materials:




Chalk covered with glitter powder from REACT trunk




UV Light – in Mailing Tube in REACT trunk

Procedure:  

1. The students will use the chalk to draw what they see in the cloud chambers. 

2. Near the end of that activity, have them talk about their drawings. 

3. Then have a discussion on contamination and the way radiation may be “carried” from one place to another. 

4. After this, tell the students that they have participated in a simulated contamination event. 

5. Explain that the “dust” on the chalk is actually glitter powder that shows up under ultraviolet light (might also remind them of the electromagnetic spectrum and where uv light is). The glitter powder is used to train medical personnel in handwashing and contamination techniques so it is safe. 

IV.2 - GLITTER POWDER (continued)
Analysis and Results:  Have each student come to the front and shine the UV light on them. There will be some places other than the hands where the glitter powder shows. This simulates the spread of contamination of radioactive material. After they have been checked with the UV light, have the students wash their hands.

Conclusions:
Have them predict how much contamination will still be present after having washed their hands. Then, have students check how well they decontaminated.

Assessment:  Have the students discuss various ways to minimize the spread of contamination and how they would go about completely decontaminating themselves.

Have students discuss where the contamination when went they washed it from their hands and then dried them on paper towels. Where did these newly contaminated materials go?
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