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7.22 How to teach radiation by a cloud chamber
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Abstract

Now we use nuclear energy and take advantage of properties of radiation in many cases in our life.

But curiously, background radiation isn't known to many people.

And they believe that even if it is only a few level of radiation, it is dangerous for our health. I

think the education about background radiation is very important and effective to understand

radiation.

1. Seeing is believing

Generally, a Geiger-counter or a scintillation-counter is used as the teaching materials of radiation.

They are useful to count the radiation correctly but their mechanism is hard to understand for the

students. But it is easy for the students to make a cloud chamber and do some experiments by it.

So it is important to use not only a counter but also a cloud chamber, when we teach them radiation.

Counting the radiation and observing the tracks of them are very effective teaching method of

radiation. Most of the students believe the existence of radiation when they observe the tracks by a

cloud chamber. .

2. Observing the tracks of background radiation

The most important property of a cloud chamber is to be able to show us the tracks of back ground

radiation. For, teaching the existence of background radiation is a starting point of the education of
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radiation.

I made two types of cloud chambers as follows.

1 ) A cloud chamber for demonstration experiment (dry ice cooling)

This chamber is about 30cm square and 7cm depth. The side walls of the container are made by

polycarbonate plates which are 15mm thickness and the bottom is made by an aluminum plate

which is 3mm thickness. Out side of the bottom aluminum plate has about 400 short pins to bite

into the dry ice block.

The lid of the chamber is consisted double glass plates in which a conductive clear film is put on a

space of the two glasses. The glasses which are warmed up by a conductive film do not steam up by

alcohol drops, so the lid is able to keep always clearly.

About 60ml alcohol is full in the channel which is dug on the side polycarbonate walls and

evaporation of alcohol is by a warmed nichrome wire which is covered by rubber.

Cooling the chamber is by dry ice block which size is 250 X 250 X 40. When the container is set on

the dry ice block, the short pins of the aluminum plate bite into the dry ice. So the bottom plate is

kept always cool.

Lighting up the tracks of radiation is by 280 white LEDs which are set out side of the container.

Because of these strong lights, we can observe even the very thin tracks of radiation.

By this cloud chamber, not only we can see the tracks of background, but also do many

experiments very easily.

2 ) A cloud chamber for students experiment (dry ice cooling)

This chamber is made by a glass bowl which is 20cm diameter and 7cm depth. Cooling is by dry

ice powder of 1 kg, and lighting is by 4 flashlights.

The lid of the glass bowl is used a cooking lap film or a glass plate

Liquid alcohol is kept on a sponge tape which is put on the inner side of the glass bowl.

If we want to see the tracks of background, the wider the container is, the better we can see. But if

the chamber has no heat up system for alcohol evaporation, this size is the maximum. For, the

supply of alcohol vapor by natural evaporation is not enough for larger scale glass bowl cloud

chamber.

By this cloud chamber, the students can observe the tracks of background clearly and do some

experiments easily.

3. Flow chart of the lesson in a class room

1) Grouping the students (4 or 5students per 1 group)

2) Making the students count background radiation by a Geiger or a scintillation counter at some

locations, for example in their school

3) Making the students make a glass bowl cloud chamber every group and observe the tracks of

radiation by their cloud chamber. (1 chamber per 1 group)

They can observe the tracks from as follows,

[background radiation, a source, jS source, filter paper of dust-sampler, radon gas (Rn220) ]
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4) Making the students observe the tracks of radiation more clearly by a cloud chamber for

demonstration after their experiments

I do some experiments by a cloud chamber and show the students the phenomena in it. If

there are many students, I set a video camera over the cloud chamber and project the

phenomena, as follows.

( 1 ) tracks of background radiation

( 2 ) tracks of a and jS particles

( 3 ) Compton Scattering by j source

( 4 ) Deflection of jS ray in the magnetic field

( 5 ) Properties about a and (3 pass through a paper or others

( 6 ) Half life and decay series by radon gas (Rn220)

( 7 ) Tracks of a emission from the filter paper of a dust sampler

It takes two or three hours when I do this lesson.

4. Conclusion

These experiments matches well with a high school students who study physics.

Up to now, these phenomena of radiation have been taught to the students only as knowledge,

not to use a counter and a cloud chamber.

1) After this lesson, most of the students believe the existence of background radiation. And they

recognize that we have lived in a shower of cosmic rays and breathed radioactive particles in

the air since we were born.

2) The students understand that the counts of radiation depend on the ground condition of the

location.

3) A teacher is able to change the level of this lesson suitable for students' age or ability, for

example, they are in a middle school or in a high school.

4) Even if the teacher does not have a radioactive source, background radiation is the basic and

the best radioactive source for this education.

5) The mechanism of a cloud chamber is very simple, but it needs some skill to keep it on the

best condition. In order to make the students observe the tracks of background radiation, the

teacher has to master the skill how to operate the cloud chamber.

Even if it is difficult for a teacher to make a cloud chamber of demonstration which 1 made, it is

easy to make a cloud chamber of a glass bowl which I presented.

I hope that many teachers use this cloud chamber and show the students the tracks of

background.

I believe that the students must be amazed to see the fantastic phenomenon of radiation.
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