
Episode 511: Absorption experiments
This gives students the opportunity to work with radioactive sources.

Lesson Summary

· Student experiments: Absorption of radiation and report back (40 minutes)

· Demonstration: Absorption of radiation by living matter

· Student experiment (optional)


Student experiments
Groups could work in parallel and report back to a plenary session.

Remind them to correct for the background count (taken at least twice – at the start and end of the main experiments and the two results averaged).

Range of alpha radiation

Episode 511-1: Use a spark counter (Word, 62 KB) - see end of document

Range of beta radiation

Episode 511-2: The range of beta particles in aluminium and lead (Word, 38 KB) - see end of document

Range of gamma radiation
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An optical analogue for the absorption of γ particles by lead is the absorption of light by successive microscope slides.

Episode 511-3: Absorption in a liquid (Word, 54 KB) - see end of document

Absorption of γ particles is an example of exponential decrease – check the data for a constant half thickness, thus suggesting the type of physics involved. (Each mm of absorber is reducing the intensity by the same fraction.)

Episode 511-4: Absorbing radiations (Word, 38 KB) - see end of document

Demonstration: Absorption of radiation by living matter
To simulate the absorption of radiation by living matter use slices of different vegetables as absorbers, or a slice of bacon to represent human flesh.

Episode 511-5: Absorption in biological materials (Word, 53 KB) - see end of document

Student experiments: Optional
The first requires a sealed radium-226 source. Because Ra-226 is the parent to a chain of radioactive daughters, granddaughters and so on, you get a mixture of αs, βs and γs emitted. Challenge students to use absorbers to establish that all three radiation types are being emitted. (The maximum energies are: E α  = 7.7 MeV E β  = 3.3 MeV E γ  = 2.4 MeV)

The second is an extension of the β absorption experiment. You could speculate that some β particles might be back-scattered (like Rutherford’s α particle scattering that first demonstrated the existence of the nucleus). A quick try shows that some β particles are indeed back-scattered.
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Radioactive sources
Follow the local rules for using radioactive sources, in particular do not handle radioactive sources without a tool or place them in close proximity to your body. Deliberately placing a radioactive source in contact with the skin would increase your dose of ionising radiation unnecessarily and increase the risks to your health. This is a criminal offence.

Episode 511- 1: Use a spark counter

The alpha particle is one type of emission that is possible from the nuclei of some atoms. This activity allows you to investigate how far these alphas can travel in air and other materials. 

You will need 

· spark counter and leads
· EHT power supply, 0–5 kV, dc
· metre rule 

· set of absorbers including very thin tissue paper
· plane mirror 

· alpha source and a suitable holder (since a spark counter does not respond to betas or gammas, the source does not have to be a pure alpha source.)
· plastic tweezers for handling the absorbers
Starting out 

If you have not used a spark counter before, then make sure you know how it works.

	[image: image3.wmf]
	Wire carefully, EHT supply in use
Although school EHT supplies are current-limited ad safe, using the extra limiting resister (e.g. 50 MΩ) reduces the shock current to a trivial level.
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	Radioactive sources 

Follow the local rules for using radioactive sources, in particular do not handle radioactive sources without a tool or place them in close proximity to your body.


Support the alpha source in a holder about 10 cm from the active region of the spark counter, so that no sparking occurs. You need to be able to vary and measure this distance. If you are using a ruler, remember that you can use a plane mirror to align the pupil of your eye, the plate and the wires in the same plane. 

To set up the spark counter at its correct working voltage, find the setting which gives a spark with no source and then reduce the voltage slightly. Remember that it uses high voltages that could give you an electric shock. 
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Gradually move the source towards the detector. Take care here, do not touch the source, detector wires or plate. At what distance do the sparks start? 

Does the sparking begin suddenly or does it start gradually? Try to explain what you see in terms of the initial energies of the alpha particles as they leave the nuclei. 

If you can, change the alpha source to one in which the alpha particles are emitted from a different nucleus. Is the distance at which sparking starts the same? Again, try to explain this. 

Leave the source at a distance such that sparking is occurring freely. Insert thin materials between the detector and the source (use tweezers to avoid getting close to the source). Draw up a table of how effective the absorber materials are at stopping the alpha particles. You might like to see if you can think of some property of the absorber which determines its effectiveness, to check for patterns.

You have seen that 

1.
The alpha particles emitted from one isotope all leave with the same energy. They tend to 
lose this energy by collision (ionisation) with the air molecules at about the same rate and 
so the sparking stops suddenly as the source is moved away from the counter. 

2.
Alpha particles are good ionisers. So, conversely, they are poor at penetrating 
substances. Even the thinnest of materials will absorb them

Practical advice

This short experiment needs care by the students or teachers carrying it out. You may prefer to demonstrate the result, at the same time emphasising the meanings of ionisation and the cascade process that is going on in the electric field produced by the spark counter. There are useful estimation possibilities here for brighter students: the strength of the electric field, the relative acceleration of the electron and the oxygen / nitrogen ion, and so on.

Be safe

The student text contains safety warnings, but it would be as well to remind the students that there are both high potentials and radioactive materials here. Some models of spark counter have a lead designed for connection to a pulse counter and the terminal plug could float at a high voltage, although it is designed not to. It is as well to tape the plug up when not in use. Since the use with a counter enables quantitative studies, it would be unwise to remove it.   Ensure the most accessible electrode of the spark counter is earthed.
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	Wire carefully, EHT supply in use
Although school EHT supplies are current-limited ad safe, using the extra limiting resister (e.g. 50 MΩ) reduces the shock current to a trivial level.
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	Radioactive sources 

Follow the local rules for using radioactive sources, in particular do not handle radioactive sources without a tool or place them in close proximity to your body.



External reference

This activity is taken from Advancing Physics chapter 18, 70E

Episode 511- 2: The range of beta particles in aluminium and lead
The background 

Beta particles are emitted by the unstable nuclei of some radioactive atoms. They consist of electrons given out when a neutron in the nucleus converts to a proton plus an electron. The electron is too energetic to remain inside the nucleus and is ejected. 

The beta particles are particles that can ionise materials through which they pass and they will continue to move through these materials until they have completely used up all the energy they had when they left the nucleus. In this experiment you will look at the thickness of material needed to absorb the electron, in other words to take away all its energy. 

You will need 

· pure beta source and suitable holder
· radiation sensor, beta sensitive, e.g. end window GM tube with ratemeter or scaler (counter)
· set of absorbers

· suitable method for holding the absorbers 

· forceps or tweezers for manipulating the absorbers and the source 

· suitable means for measuring the thickness of the absorbers, e.g. micrometer screw gauge, vernier calliper, etc 
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	Radioactive sources 

Follow the local rules for using radioactive sources, in particular do not handle radioactive sources without a tool or place them in close proximity to your body.


Measurements… 

This activity requires the use of a radiation sensor, counter and power supply. Ensure that you know how to use them before you begin. 

1.
Set up the sensor and counter to take a background reading. This background value will 
need to be subtracted from each subsequent reading you take when using the beta 
source. 

2.
Fix the beta source probably 10–20 cm from the front window of the sensor (do not 
remove any plastic cap that is protecting it). The separation of source and counter and 
the orientation of the source must be fixed – not too hard to see why so take care. 

3.
Take a reading of the number of beta particles over a sensible time period and convert this to a rate of arrival per second. If this number is greater than 1000, increase the separation of source and sensor and take another reading. (A ratemeter will give counts per second directly.)
4.
Beginning with the aluminium foils and sheets, insert absorbers of varying thickness into the space between the source and the sensor, finding the new count rate for each absorber thickness. Be sensible – a short preliminary experiment using a very thin absorber and a very thick one in order to get a feeling for the range of count rates that you will encounter will save you time later. You can also plot as you go (count rate against thickness of aluminium), looking for patterns and anomalies. 

… and analysis 

5.
How thick does the aluminium have to be in order to reduce the count rate by one-half?  
Use your graph to benefit from the smoothing present in all the data you have gathered. 

6.
If possible, use the graph to estimate what extra thickness reduces the count rate to one-quarter of what it was at the start. Is it the same as that required to reduce it by half? (It should NOT be!)
7.
You should look for a pattern. 

8.
Repeat the experiment with lead absorbers. Does the lead obey the same rule as the 
aluminium? 

Comparisons 

You can repeat the measurements and analysis for different materials, if provided. 

You have seen that 

1.
Different materials are able to absorb beta particles by different amounts. The ability to 
absorb depends on factors such as the extent to which the material is ionised by the 
betas and the density of the material (the number of atoms a beta meets per unit length 
of its travel). 

Note on absorption of beta versus gamma radiation

This activity is taken from Advancing Physics; which has treated beta radiation as being absorbed in the same way as gamma radiation; however, this is not strictly correct. Betas gradually lose energy as they pass through an absorber so that they become easier to stop as they approach the end of the path.

Practical advice

Students require some skills before they can tackle this experiment: 

1.
Knowledge of safe handling techniques for the radioactive sources. 

2.
The ability to set up a radiation sensor and counter or ratemeter correctly. If the power supply has a variable output, students will need to be told the correct p.d. for the tube. 

3.
A knowledge of the importance of the background count. 

You may need to tell your students an appropriate time over which they should count the arrival of betas in order to give sensible statistics and values. A trial will calibrate your beta sources with your sensors. 

Slower students might stop after point 7. 

Be safe

Students need to be confident and safe in their handling of the source in this activity. You might like to consider having special holders made up for the sensor and source, which allow the alignment and separation to be easily maintained, or use a radioactivity bench which you may already have.
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	Radioactive sources 

Follow the local rules for using radioactive sources, in particular do not handle radioactive sources without a tool or place them in close proximity to your body.


Technician's note
The range of thicknesses of supplied foils in any one material will need to be sufficient to ensure that students can actually reduce the count rate by a half. Ideally, they should be able to see a reduction well beyond this ratio in order to answer the question in point 9 of the activity. 

Note that some sensors have a plastic cap that is loaded with atoms of high atomic number to improve the gamma sensitivity. This cap should be removed for beta counting.

Social and human context

This property of absorption is important to us. A number of devices use it, a good example being the film badges worn by personnel involved in work with radioactive materials. The varying thicknesses of absorber in these badges enable the assessment of absorbed energies once the film has been developed.

External reference

This activity is taken from Advancing Physics chapter 18, 90E

Episode 511- 3: Absorption in a liquid

An analogue for the absorption of gamma radiation.

Absorption and energy transfer

Absorption occurs when light travels through a medium – whether air or a liquid or a transparent solid. Transfer of energy by light to the medium occurs with absorption. The more absorption, the more energy is transferred. This experiment, which can be tackled at a number of levels, will help you to understand the way in which the energy is transferred to the medium by the light.  This is a particularly important piece of physics in the manufacture and the technology of glass fibre optics.

Collect these

· absorption tank

· power supply 5 V dc

· LED and a suitable phototransistor

· digital multimeter

· copper (II) sulfate solution, about 5% by volume

What to do

1. Connect up the circuit as shown.
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2. Be especially careful with the polarity of the power supplies. You could easily damage the phototransistor by connecting the supply the wrong way round. Ask your teacher to check if you are unsure.

3. Light emitted from the LED passes through the copper sulfate and is detected by the phototransistor circuit. The output shown on the meter is a measure of the intensity (brightness) of the light emerging from the liquid after absorption has taken place.
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4. Slide the tank between the light source and detector at 90 to the direction in which the light is shone.  By sliding the tank in this way you can vary the thickness of copper (II) sulfate solution through which the light travels and therefore assess the loss of intensity.

5. Plot a graph of meter reading (a measure of intensity, remember) against solution thickness.

6. You can take this analysis as far as you wish:  Is there an obvious rule which describes the variation shown in your graph?  Have you met such a rule in science before? (Hint: how does the radioactive count-rate change when a radioactive isotope decays?) Why does this rule apply?  

7. Find out how thick the liquid has to be to absorb half the light.

8. Could you simulate the absorption experiment here on a computer or a calculator?  (Hint: imagine that there are 100 units of energy being transferred by light and that every 0.1 mm 1% of the energy remaining is transferred to the medium.  How much is left after the first 0.1 mm, answer: 99 units, after 0.2 mm 99% of 99 units [0.9801 units], after 0.3 mm 99% of 99% of 99 units [0.9703 units].  Use a spreadsheet to carry out this tedious calculation for 100 mm, 200 mm, 300 mm, and so on.)

The relationship between amount of light absorbed and thickness of absorbing medium

Light is absorbed when it passes through a medium – however transparent it appears to be.  A constant fraction of the incident light is removed per unit distance travelled.  Mathematically, this is known as an exponential relationship. Radioactive decay is another phenomenon involving an exponential relationship – leading to the idea of half-life of an isotope, the time taken for half the number of radioactive atoms in a sample to decay. In a similar way we can think of a 'half-distance', in light absorption, over which half the light is absorbed.

Practical advice

The light-absorbing properties of materials are not required by the specification, but this may be of interest to some students.

The equipment needed here is easy to build.  It requires a phototransistor and a light-emitting diode.  The circuit is shown in the diagram(s).  One power supply will suffice for both halves of the circuit.

The LED and transistor need to face each other across a gap of perhaps 10-12 cm.  In trials the devices were rigidly mounted as shown in the diagram, but they could be free standing.  This, however, needs careful alignment.  In the gap sits a rectangular tank of dimensions 10 cm x 30 cm. These dimensions are not critical.  A vertical barrier separates the two halves of the tank.  One half is filled with water, the other half with the 5% (w/v) copper (II) sulfate solution.  The arrangement is known as a Bjerrum wedge and is used for colorimetric measurements.

Students slide the wedge between the light source and detector.  They measure output as a function of sulfate solution thickness. Some adjustment of solution strength may be needed.  

Alternative approaches

Ghost tape provides an appropriate reduction intensity for some light sources and sensors (TLS 250 and a 36 W lamp). 

Here discrete values of tape enable exponential thinking to get to grips with the problem. If one piece lets through X%, then two pieces will let through X% squared, etc

Social and human context

Fibre optics has only become possible because of the huge advances in the manufacture of low attenuation glasses.

Safety

Copper sulfate solution can be harmful. At this concentration, no washing label is required. If you get the solution on your hands or elsewhere wash it off immediately 

External reference

This activity is taken from Advancing Physics chapter 4, 240E

Episode 511- 4: Absorbing radiations
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Here shielding is related to the absorption of a constant fraction of the radiation in each thickness of absorber traversed.

External reference

This activity is taken from Advancing Physics chapter 18, 10 O (O stands for ‘O.H.T’.)

Episode 511- 5: Absorption in biological materials 
Closer to home 

Relating radiation to risk means thinking about how ionising radiations interact with you and other biological materials. Simple measurements could show you how much the radiation penetrated, and how much energy it deposited in each cubic metre of you. 

Although these two are related, you can do a fairly simple sum, based on the energy per particle for a known source, and the activity, to suggest that the sources available to you in the laboratory are very un-likely to produce temperature rises that you can easily measure. So the energy delivered is probably beyond what can easily be achieved in the school laboratory. 

Here you measure how the quantity of radiation varies as you alter the thickness of biological materials though which it has to pass. For ethical reasons, use fruit and vegetables. 

You will need 

· radiation sensor, beta sensitive

· samples of fresh fruits and vegetables (marrow, apple etc) 

· an apple corer 

· sharp knife (a plastic one might be advisable)
· pure beta source and holder
· forceps or tweezers for manipulating the absorbers 

	[image: image13.wmf]
	Radioactive sources 

Follow the local rules for using radioactive sources, in particular do not handle radioactive sources without a tool or place them in close proximity to your body.


Alignment and arrangement 

Take a sample of the fruit, using the apple corer to obtain a cylindrical specimen, then a knife to trim it to length. 
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Take care to maintain the alignment of the source and detector throughout the experiment. You will probably want to take measurements at both extremes (no absorbing material, maximum thickness) to make sure that you are likely to get a reasonable variation in count rate – this should help you decide appropriate lengths of time over which to take each count. 

Now you will probably need to take perhaps 10 readings to establish a reasonable pattern: for 8 cm of absorber, every 0.5 cm might be suitable for your source. 

Making sense 

See if you can spot a pattern in your results, and then use a sensible analysis to show that the pattern holds. You should draw on other work done on absorption, from chapter 4 onwards, to help suggest likely patterns. Alternatively you may be able to think of sound physical reasons for one pattern. Do not forget about the background count! 

Reflections 

Try again with another fruit, or compare your results with those of another group working with a different fruit. Look for similarities and differences. Can you draw any conclusions from these? Can you test any hunches that you might have? 

You have worked with beta radiation, as it has suitable properties for use in the school laboratory, allowing measurements with the equipment that you have access to. In what ways would you expect the results to change if you used alpha or gamma radiation? (Your expectations should be based on sound physical reasons!) 

You have shown 

How the count rate varies as beta radiation passes through differing biological tissues.

Practical advice

To keep the alignment constant you might like to make a jig for the source and detector, with a channel to hold the cylinder of fruit between the two. This channel might usefully be plastic, and removable, to allow for cleaning. The design should also not encourage fruit juices to dribble into either the source or detector. The distance between the source and detector should remain constant, in the range 5–10 cm. The denser the specimen, and the more feeble the beta source, the shorter the cylinder you should use. 

The fruit or vegetable you choose to use will depend on the season.

Social and human context

Many bags of saline solution, as perhaps a suitable description of many biological systems, might be employed as models for humans – our usual concern when discussing risk. You might use this as an introduction to the appropriateness of some choices, reflecting on the modelling process and its assumptions.

External reference

This activity is taken from Advancing Physics chapter 18, 100E
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