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PAG9: Investigating capacitors
9.2 Capacitors in series and parallel
TEACHER/TECHNICIAN
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Introduction
In this practical activity learners will use their knowledge of the combined capacitance of a number of capacitors to determine the capacitance of an unknown capacitor. This activity should follow the theory of capacitors in series and parallel and of exponential decay.
Aim
· To create a number of series and parallel configurations of capacitors
· To calculate the combined capacitance for each configuration 
· To observe the change in time to discharge for differing configurations
· To collect data to allow the capacitance of an unknown capacitor to be determined.

Intended class time
· 60 to 90 minutes

Links to Specification
Physics A
· 6.1.1(c) total capacitance of two or more capacitors in series
· 6.1.1(d) total capacitance of two or more capacitors in parallel
· 6.1.1(e)(i) analysis of circuits containing capacitors, including resistors
· 6.1.2(a) p.d.–charge graph for a capacitor; energy stored is area under graph
· 6.1.2(b) energy stored by a capacitor
· 6.1.2(c) uses of capacitors as storage of energy 
· 6.1.3(a)(i) charging and discharging capacitor through a resistor
· 6.1.3(b) time constant of a capacitor–resistor circuit;  = CR
· 6.1.3(c) equations of the form  x = x0 e–t/CR and x = x0 (1 – e–t/CR)  for capacitor-resistor circuits

Physics B
· 5.1.1(a)(i) capacitance as the ratio  C = 
· 5.1.1(ii) the energy on a capacitor E = ½QV
· 5.1.1(a)(iii) the exponential form of the decay of charge on a capacitor as due to the rate of removal of charge being proportional to the charge remaining  = – 
· 5.1.1(b)(i) for a capacitor: the term: time constant 
· 5.1.1(c)(ii) solving equations of the form  = –N  by iterative numerical or graphical methods
· 5.1.1(c)(iii) calculating time constant  of a capacitor circuit from data;  = RC; 
Q = Q0 e –t/RC

Practical Skills
· 1.2.1(b) safely and correctly uses a range of practical equipment and materials
· 1.2.1(c) follow written instructions
· 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) use of appropriate analogue apparatus
· 1.2.2(c) use of methods to increase accuracy
· 1.2.2(d) use of stopwatch 
· 1.2.2(f) correctly construct circuits from circuit diagrams including polarity
CPAC
· (2) Applies investigative approaches
· (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
· M0.5 Use calculators to find and use power, exponential and logarithmic functions
· M1.1 Use an appropriate number of significant figures
· M2.2 Change the subject of an equation
· 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
· M3.9 Apply the concepts underlying calculus (but without requiring the explicit use of derivatives or integrals) by solving equations involving rates of change, e.g.  
x /t = –x
using a graphical method or spreadsheet modelling
· M3.12 Sketch relationships including y = e+/- x


Equipment
· unmarked capacitor
· 3 × 470 F capacitors
· LED with series resistor
· voltmeter
· leads
· 4 × D cells or power supply limited to 6 V d.c.
· stopclock 

Health and Safety
· Electrolytic capacitors may explode if incorrectly connected and must be connected correctly with the positive terminal connected to the positive terminal of the power supply. See CLEAPSS “Mainly Physics” section 12.5 or PP044 on the CLEAPSS website.
· Electrolytic capacitors should not have a voltage applied above their rated voltage, we recommend using capacitors with a minimum of 16 V rating which are often less expensive than lower voltage components.
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.
· Teachers should have undertaken the experiment themselves prior to using with students to determine an appropriate value for the series resistor connected to the LED to give measurable timings with three capacitors in series and three capacitors in parallel. This may be as high as 10 k. 


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 in a clear tabulated as evidence for the practical endorsement. All work should be clearly dated.

In addition as preparation for the written examination:
· They should have suggested or supported the equation for capacitance
· They should have determined a value for the unknown capacitor
· They might also have estimated a value for the series resistor.
This document may have been modified from the original – the master version is on the OCR qualification page.
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