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PAG7: Investigating ionising radiation
7.3 Investigating the half-life of radioactive materials
TEACHER/TECHNICIAN
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Introduction
This activity can be carried out either to introduce or to reinforce the concept of half-life and to show that the value remains consistent over time.
Aim and skills covered
· To illustrate half-life 
· Use radioactive materials safely
· To detect radioactive particles and rays
Intended class time
· 60 to 90 minutes
Links to Specifications
Physics A
· 6.4.3(e)(i) half-life of an isotope; λt1/2 = ln 2
6.4.3(e)(ii) techniques and procedures used to determine the half-life of an isotope such as protactinium
· 6.4.3(f)(i) the equations A = A0e-λt and N = N0e-λt, where A is the activity and N is the number of undecayed nuclei
· 
6.4.3(g) graphical methods and spreadsheet modelling of the equation for radioactive decay

Physics B Advancing Physics
· 5.1.1(a)(iv) the exponential form of radioactive decay as a random process with a fixed probability, the number of nuclei decaying being proportional to the number remaining
· 5.1.1(b)(ii) for radioactive decay: the terms: activity, decay constant λ, half-life T½, probability, randomness
· 
5.1.1(c)(i) calculating activity and half-life of a radioactive source from data, T½ = 
· 
5.1.1(c)(ii) solving equations of the form  by iterative numerical or graphical methods
· 5.1.1(d)(iv) determining the half-life of an isotope such as protactinium


Practical Skills
· 1.2.1(b) safely and correctly use a range of practical equipment and materials
· 1.2.1(c) follow written instructions
· 1.2.1(d) make and record observations/measurements
· 1.2.1(e) keep appropriate records of experimental activities
· 1.2.1(f) present information and data in a scientific way
· 1.2.1(g) use appropriate software and tools to process data
· 1.2.1(j) use a wide range instruments, equipment and techniques 
· 1.2.2(b) use of appropriate digital instruments
· 1.2.2(d) use of stopwatch or light gates for timing
· 1.2.2(e) use of calipers and micrometers to measure small distances
· 1.2.2(k) use of ICT such as data logger or software to process data
· 1.2.2(l) use of ionising radiation, including detectors

CPAC (section 5g Table 2)
(1) Follows written procedures
(3) Safely uses a range of practical equipment and materials
(4) Makes and records observations

Mathematical skills
· M0.1 Recognise and make use of appropriate units in calculations
· M0.5 Use calculators to find and use power, exponential and logarithmic functions
· M1.1 Use an appropriate number of significant figures
· 
M3.9 Apply the concepts underlying calculus e.g. solving 
· M3.12 Sketch relationships which are modelled by y = e+/-x


Equipment
Teachers will need to ensure learners are familiar with the apparatus below in order to demonstrate these Practical Skills.
Method A) Protactinium Generator
· radioactive source: protactinium generator
· Geiger-Műller (GM) tube
· counter
· stop-clock or data-logging system
Method B) Ionisation chamber

· radioactive source in sealed container
· ionisation chamber
· picoammeter 
· stop-clock or 0 to 1.0 V data-logging system
Suitable equipment is available from Cooknell Electronics or Timstar:

Health & Safety 
The requirements of CLEAPSS L93 “Managing Ionising Radiations and Radioactive Substances in Schools and Colleges” (November 2019) should be in place.
Standard operating procedures as detailed in CLEAPSS L93 ‘Managing Ionising Radiations and Radioactive Substances in Schools and Colleges’ (pages 21 to 23) should be issued to students. Staff should ensure students are responsible enough to carry out the activity, that they have been shown how to use the materials, and that they have seen and understood the relevant Standard Operating Procedures.
CLEAPSS document GL128 Measuring and demonstrating radioactive half-life gives specific details on the use, safety and care of equipment for both method A, Protactinium generator, and B, Cooknell or Timstar ionisation chamber.  
A) Protactinium generator
Specific details on the use of protactinium generators, Radioactive source Type 9, are given on page 43 of CLEAPSS L93. All generators should have been inspected for leaks or damage, and students should be aware that they should notify the teacher if they have any concerns about the integrity of the apparatus.
Students should have been made be aware of :
· the need to keep the container upright
· to work over a plastic tray to contain any spillages
· not holding the container for longer than is necessary
· the need to wear lab coat and eye protection.

B) Ionisation chamber
The gas mantle should be those which contain thorium oxide such as the Tilley type 164X. Other brands which contain yttrium instead of thorium are not radioactive.
The model risk assessment for Radioactive sources, type 12, on page 47 of CLEAPSS L93 details the specific requirements for these items.
The ready availability for public use implies the risk is not high, but there is a small risk from inhalation or ingestion of gas mantle fragments which is overcome by keeping it contained. Do not use burnt mantles as they easily crumble into fine ash.
Some half-life apparatus is available from Cooknells or Timstar:
https://www.cooknell-electronics.co.uk/products/CP3-IC%20.html

https://www.timstar.co.uk/ra115600-protactinium-generator.html
Linking to a data logger will allow a plot of decay of the ionisation current over five to ten minutes which is sufficient for the activity.
As apparatus is variable from centre to centre, it is necessary to use trial and error to determine the number of mantles (1, 2 or 3) necessary to produce an adequate reading and to determine an appropriate time period. 
Before carrying out any experiment or demonstration based on this guidance, it is the responsibility of teachers to ensure that they have undertaken a risk assessment in accordance with their employer’s requirements, making use of up-to-date information and taking account of their own particular circumstances. Any local rules or restrictions issued by the employer must always be followed.
Notes
· These practical activities are not controlled assessments, should not be carried out in exam conditions and can be adapted by the centre. Students can collaborate during the activities which should take place as part of the normal teaching sequence. They are intended to be formative with students acquiring and practising skills throughout the course. 
· To achieve a pass in the Practical Endorsement each student is required to demonstrate competence in all the skills, apparatus and techniques listed in section 1.2 of the specification and assessed against the Ofqual Common Practical Assessment Criteria (CPAC) at the end of the course. 
· The skills, apparatus and techniques can be demonstrated during any practical work undertaken during the A Level course whether an OCR practical activity or not.
· Learners could work in groups of two or three and each be responsible for taking a number of readings.
· OCR recommends that this experiment is trialled by the teacher in advance of giving it to the students to ensure familiarity with the equipment.
Recording
· Learners should not need to re-draft their work but rather keep all their notes as a continuing record of Practical Activity.
· Learners should have evidence of the data collected from their group in a clear and logical format. 
· They should comment on their observations and identify any pattern observed
· A detailed risk assessment is not a requirement of the Practical Endorsement but this experiment allows students to consider factors which are relevant to safety which may be assessed in the written examination.
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