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8.2 Investigating the relationship between pressure and volume
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Introduction
In this experiment students will be taking measurements relating to the relationship between pressure and volume for a fixed quantity of gas. There are alternative methods of carrying out the experiments. Two possible procedures are detailed but it is only intended that a centre carry out one activity to fulfil the requirements of the Practical Endorsement and they are encouraged to adapt a practical activity to suit the equipment and facilities which they have available.
Aim
· To determine the relationship between pressure and volume of a gas.
Intended class time
· 45 to 60 minutes

Links to Specification
Physics A
· 5.1.4(b) model of kinetic theory of gases
· 5.1.4(c) pressure in terms of this model
· 5.1.4(d)(ii) techniques and procedures used to investigate PV = constant (Boyle’s law) and P / T = constant
Physics B
· 5.2.1(a)(ii) the behaviour of ideal gases
· 5.2.1(a)(iv) the kinetic theory of ideal gases
· 5.2.1(b)(ii) relationships between p, V, N and T for an ideal gas
· 5.2.1(d)(ii) using appropriate apparatus to investigate the gas laws including determining absolute zero
· 5.2.1(d)(iii) using apparatus to investigate the relationship of volume with pressure, measured either by pressure gauge or differential pressure monitor and data logger
Practical Skills
· 1.2.1(b) Safely and correctly uses a range of practical equipment and materials
· 1.2.1(c) Follows written procedures
· 1.2.1(d) Makes and records observations
· 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(j) Use a wide range of instruments, equipment and techniques
· 1.2.2(a) Using appropriate analogue apparatus to record length/distance, temperature, pressure and volume
· 1.2.2(c) Use methods to increase accuracy of measurements such as set square
CPAC
· (2) Applies investigative approaches when using instruments and equipment
· (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
· M0.2 Recognise and use expressions in standard form
· M0.3 Calculate percentage uncertainties
· M1.1 Use an appropriate number of significant figures
· M1.5 Identify uncertainties when data are combined
· M2.3 Substitute numerical values into algebraic equations using appropriate units
· M3.1 Translate information between graphical, numerical and algebraic forms
· M3.2 Plot two variables from experimental or other data
· M3.3 Understand that y = mx + c represents a linear relationship
· M3.12 Sketch relationships such as y = k / x such as the relationship between pressure and volume for an ideal gas.
These experiments, and many variations on them, are referred to in “Gas Laws: Experiments and Apparatus”, previously R231, available from the CLEAPSS website (https://www.cleapss.org.uk) which also includes detailed guidance on the construction of the equipment and the relevant safety issues for each procedure.
A) Variation in volume – Boyle’s Law
Equipment
· Boyle’s Law apparatus
· mercury in glass thermometer
· barometer

B) Variation in load on an enclosed quantity of gas
Equipment
· plastic syringe or gas syringe with the outlet sealed or clamped
· masses to load the system
· clamp stand, boss and clamp
· micrometer or vernier calipers
· mercury in glass thermometer
· barometer

It is worth having the piston from a spare syringe available for students to measure the diameter without having to disassemble their apparatus.
Health and Safety
Care should be taken to avoid falling masses, bubble wrap in a small box placed under the apparatus will cushion the fall sufficiently.
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.
· It is possible to carry this out as a class activity providing each learner demonstrates the practical skills required. The individual readings are then shared for analysis by each learner.
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 individual readings, as well as the combined class data, in a clear and logical format. All work should be clearly dated.
· Learners should have noted temperature and pressure for the room in which they were working.
In addition the following will support in preparation for the assessment of practical work in the written examinations:
· They should plot a graph of volume against pressure.
· They should comment on the uncertainty in each measurement and its impact on the overall uncertainty of their practical activity. 
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