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Practical activities for radioactivity

1. Background radiation

Set up the geiger counter and position the tube with the end facing the area or object being investigated. When ionising radiation enters the end of the tube a click is heard and the scale increases by one. Take several two-minute counts at each position.

Record your results in a data table such as the one below.

Observations (table 1)

Position or object
Radiation counts in 2 minutes
Average count/min

Front bench facing class



Front bench facing ceiling



Room corner facing wall











Questions

1. What differences have you found in the average count/min between positions?

2. Why was it necessary to record 5 counts and calculate an average?

3. What could be the sources of background radiation in the room?

4. Is electromagnetic radiation such as visible light or the radiation from mobile phones detected by the geiger counter?(try this)

2. Sources of radiation

Investigate the radioactivity of several objects and materials. Set up the geiger tube so that each material is the same distance from the end of the tube while you are recording a count. Record your data in a table using three trials for each material.

Things to test: uranium ore, mantle for a gas lantern, luminous watch, sodium chloride, potassium chloride, smoke detector, granite.

Observations (table 2)

Material or object
Radiation counts in 2 minutes
Average count/min





















Questions

1. List the materials with counts /minute that are significantly greater than the background count in the room.

The smoke detector has a warning label similar to this:


2. What isotope is inside the smoke detector? What type of radiation does it emit?

3. What other information about the isotope is given in this label?
 3. Cloud chamber tracks

A cloud chamber is used to observe the movement of some types of ionising radiation.








How it works

The space inside the chamber becomes saturated with alcohol vapour. The dry ice sets up a temperature gradient between the base and the top of the chamber. After a few minutes there will be a layer of air at the right temperature for vapour trails to form.

Alpha and beta particles shooting out from the source form ions by colliding with air molecules. Tiny droplets of liquid condense on the ions to make a vapour trail. When you look down through the lid of the chamber you can see the lines of misty vapour forming and drifting away.










Observations

1. Describe in general the tracks you observed. What was their general direction? Were they straight, curved or did they fork or change direction? Could you estimate a length in cm for any of them?

2. Describe any differences that you observed in the tracks. Were they all the same lengths? Did they appear to come from any particular part of the source? Were they all about the same thickness?

3. If you have cloud chambers with different radioactive sources in them describe any differences you observed in the type and number of tracks from each source.

Inferences

1. What could be the reasons for tracks of different lengths?

2. Make inferences about the number of types of radiation emitted by the source(es).

3. Make inferences about the types of radiation causing the tracks (alpha, beta or gamma).

Extension

Absorption of nuclear radiation

Your cloud chamber may be set up to study the effect of different materials on the emitted radiation. Record your observations of the number and types of tracks seen in the chamber when thin pieces of solid materials are placed in front of the source. Make inferences about 

· Amount of absorption

· Types of radiation absorbed

4. Radioactive decay simulation

Radioactive decay occurs at random so may be represented by the throw of a dice.

You will start with 15 dice. Shake them up and throw them. Any dice that shows a 6 stands for an atom that has decayed. Remove these dice, count the dice that remain and throw again. Continue until all your ‘atoms ‘ have decayed. Record your results in a table like the one below.

Data Table

Throw
Atoms remaining- Group
Atoms remaining - class
Total class

1




2




3












































Collect the results from the other groups, enter them in the table and calculate a total for each throw.

Analysis of data

1. Plot graphs of the number of atoms remaining against number of throws for your group and for the class results.




2. Find the half life ie the time in throws when half the atoms have decayed for your group results and the class results.

3. Use your calculator to model the relationship shown by the graphs you have plotted. How closely do your results fit the model?

4. Comment on possible reasons for any differences between the class results and individual group results.

Unit 1 radioactivity activities

Teaching notes

1. Background radiation

Depending on the availability of geiger counters this activity can be set up in different ways.

· The geiger counter is set up and left counting while students continue with written work. One or more class members are asked to record the count for one minute in every five.

· Geiger counters are positioned in different parts of the room and/or outdoors and student groups record counts at each location. Class results are compiled and discussed.

· The whole class times and records the results for each location using one Geiger counter that is moved around. 

To try the effect of light on the Geiger-Mueller tube it could be held near a room light or a torch shone into it. 

If the room is brick, the count in a corner could be higher than the background in the centre of the room depending on the composition of the bricks.

2. Sources of radiation

The objects and materials provide a mixture of mildly radioactive and non-radioactive items. Uranium ore and the gas lantern mantle (containing some thorium) give obviously faster counts than the background. Some types of mantle are not noticeably radioactive. Potassium chloride has a higher count than sodium chloride. ‘Luminous’ objects such as glow in the dark stickers are not radioactive.

Question 2. The americium 241 in smoke detectors emits alpha particles. These are absorbed inside the detector so do not affect the geiger counter.

Q3. The 37kBq is the activity of the Am241

3. Cloud chamber tracks

1. The chamber may take some time to produce visible tracks. It can be set up and left for 15-20 min. The tracks are seen by the light scattered from them so the lamp may need to be moved around until tracks are visible.  Be generous with the alcohol [ethanol]

2. The tracks are transient and quickly fade to be replaced by the tracks of new emissions.

3. The cloud chamber is small and generally one or two students only can see the tracks at the same time. A videoflex (or similar) camera allows a whole class to see and discuss the tracks.

4. Any slope to the base and convection currents in the chamber may cause tracks to curve.

5. Dry ice (frozen carbon dioxide) will cause cold burns if held by bare hands. Use gloves or tongs. It needs to be obtained from a manufacturer on the day it is used and can be kept in a thermos or similar container.

Inferences

1. Different track lengths could be from different particles or different energies of the same type of particle.

 2,3. Examples of photographs of typical cloud chamber patterns for ((((((( could be provided.

4. Radioactive decay simulation

Students work in small groups with 15-20 dice. Combining class results enables students to see the variation between groups and obtain larger numbers of trials in a shorter time.

Look down from above
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CAUTION radioactive material


Am241 37kBq
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