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11.1 Investigating transformers
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Introduction
The investigation is included as one of the practical activities contributing to the Practical Endorsement which allows centres to either
a) Provide a set of equipment which is common to all students to complete an activity based on the same instructions
b) For each student, or group of students, to carry out an activity which they have selected and designed themselves.
The main consideration is that in each case it is the students who determine the variables to control and measure, who design the table and who interpret and present their results.
There will be separate guidance on possible titles for individual or group investigations. This is one of three suggested activities which complement the requirements of the specification learning outcomes.
Aims and skills covered
· To demonstrate investigative skills
· To research, plan and implement a practical activity
· To make qualitative observations
· To make quantitative observations
· To relate observations to research or theory
Links to Specifications
Physics A
· 6.3.1(a) magnetic fields are due to moving charges or permanent magnets
· 6.3.3(c) Faraday’s law of electromagnetic induction and Lenz’s law
· 6.3.3(d(i) e.m.f. = − rate of change of magnetic flux linkage; E  = − 
· 6.3.3(f)(i) simple laminated iron-cored transformer;   =  =   for an ideal transformer
· 6.3.3(f)(ii) techniques and procedures used to investigate transformers.
Physics B
· 6.1.1(a)(i) the action of a transformer: magnetic flux from a coil; induced e.m.f = rate of change of flux linkage
· 6.1.1(a)(iv) Simple linked electric and magnetic circuits: flux produced by current turns, need for large conductance and permeance and the effect of increasing the dimensions of an electromagnetic machine; qualitative effect of iron and air gap.
· 6.1.1(b)(i) the terms: B-field, magnetic field, flux, flux linkage, induced e.m.f, eddy currents
· 6.1.1(c)(i) Make calculations and estimates involving:  = BA, E =  
· 6.1.1(c)(iii)  =   for an ideal transformer
· 6.1.1(c)(iv)  =   for an ideal transformer      
· 6.1.1(d)(iii) investigate transformers
Practical Skills
· 1.2.1(a) apply investigative approaches and methods to practical work
· 1.2.1(b) safely and correctly use a range of practical equipment and materials
· 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(h) use online and offline research skills including websites, textbooks and other printed scientific sources of information
· 1.2.1(i) correctly cite sources of information 
· 1.2.1(j) use a wide range of experimental and practical instruments, equipment and techniques appropriate to the knowledge and understanding included in the specification
· 1.2.2(b) use of appropriate digital instruments 
· 1.2.2(g) designing, constructing and checking circuits using DC power supplies, cells, and a range of circuit components
· 1.2.2(h) use of a signal generator and oscilloscope, including volts/division and time-base
CPAC
· (2) Applies investigative approaches and methods when using instruments and equipment
· (3) Safely uses a range of practical equipment and materials
· (4) Makes and records observations
· (5) Researches, references and reports
Mathematical skills
· M0.1 Recognise and make use of appropriate units in calculations
· M0.2 Recognise and use expressions in standard form
· M0.3 Use ratios, fractions and percentages
· M1.1 Use an appropriate number of significant figures
· M2.3 Substitute numerical values into algebraic equations
· M2.4 Solve algebraic equations
· M3.1 Translate information between graphical, numerical and algebraic forms
· M3.2 Plot two variables from experimental data
· M3.12 Sketch relationships which are modelled by y = sin x and y = cos x
Equipment (per learner or group)
· set of coils with differing numbers of turns, or wire to wind coils
· laminated transformer cores (for example “C” cores)
· signal generator
· loudspeaker
· oscilloscope
· power supply unit, limited to 6 V a.c.
· multimeter
· ammeter
· voltmeter
Health and safety
· Care should be taken with transformers not to operate as a step up transformer with power supply unit at higher voltages or with turns ratio in excess of 1:4.
· Do not exceed 6 V a.c. input to the transformer.
· Do not have a secondary (output) coil with more than four times the number of coils of the primary (input) coil.
· If the coils are used without a laminated core, or with high current, they may overheat, students may want to record the output of the transformer with differing cores (or no core), in which case they should limit the time of operation to avoid overheating.
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.
· The equipment listed would allow students to observe the operation of the transformer at different frequencies.
· The oscilloscope allows observation that the waveform is unchanged, unless the signal level is sufficiently high for the core to saturate, in which case it will be distorted.
· Connecting a loudspeaker to the secondary, with the primary connected to the signal generator, the student can observe the transfer of energy with no direct connection, and the transfer being by means of variation of the magnetic field.
· The investigation may be qualitative or quantitative, as the Practical Endorsement is concerned with the demonstration of skills and apparatus rather than any pre-determined outcome.
Recording
As evidence for the Practical Endorsement students should have detailed their research and planning, their method and the variables which they took into account. They should have evidence of their observations and data collected in a clear and logical format.  All work should be clearly dated.

In addition calculations and an analysis and evaluation of their results would support their preparation for the written exam.
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