GCSE Electronics Content

3.1 Electrical Safety

Candidates must be able to work safely and prevent accidents in the laboratory, workshop or home.  Candidates must know what to do if an accident happens.

3.1.1
Dangers of Electricity

Candidates should know the effects on the human body of an electric current.

3.1.2
First Aid

Candidates need to be able to outline the procedures for dealing with a casualty who has suffered an 

electric shock or burn.

3.1.3
Prevention of Accidents with Electricity

Candidates should be able to:

· explain why an individual should not work without proper supervision and explain why all persons should know how to summon help in an emergency

· carry out a risk assessment of their planned activity while considering how the environment affects the dangers of electricity

· explain why portable appliances should be regularly tested

· explain why components may become hot

· explain why capacitors may hold a lethal charge even though the equipment is isolated.

3.1.4
Electrical Safety Devices

Candidates should know:

· the purpose and limitations of circuit breakers (thermal, fuse, magnetic) 

· how to calculate the appropriate value for the circuit breaker

· how to wire a three-pin mains plug 

· that a  transformer can be used to obtain a safe low voltage from the mains supply.

3.2

System Design

Electronic systems are composed of one or more subsystems.


Electronics engineers design complex systems composed of combinations of subsystems in order to

solve problems.
3.2.1
System Diagrams


Candidates should know:

· that a simple system has an input, a process and an output

· that using arrows between subsystems represents the flow of information rather than wiring.
Candidates should be able to analyse and design system diagrams as an aid to the understanding and representation of complex systems.

3.2.2
System Sequence

Candidates should be able to construct and interpret flowchart diagrams which describe a sequence of events, using the following symbols only.
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The content of each ‘box’ may be the result of a subroutine or group of instructions, e.g.
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3.2.3
System Inputs and Outputs

Candidates should be able to:

· describe the functions and uses of common input and output transducers

· recall that a signal is an electrical current or voltage representing information

· explain that electrical noise is an unwanted signal

· describe how electrical noise may be reduced.

3.2.4
System Processors

Candidates should be aware of the following basic processes:

· counting

· timing

· amplifying

· logic 

· memory 

· ADC and DAC.

3.3

Information System Processing

Candidates need to be aware that many input devices produce analogue signals and that audio systems usually contain audio amplifiers which are analogue systems requiring an analogue input and producing an analogue output.
Candidates should investigate these subsystems in a practical context and there is the opportunity for them to use protoboard in preparation for their controlled assessment (practical project).

Candidates should be aware that analogue and digital information need to be processed in different systems and that analogue information can be converted to digital information and vice versa.

3.3.1
Digital Subsystems

Candidates should be able to explain the use of logic gates, flip-flops, counters and timers.

3.3.2
Combinational Logic

Candidates should be able to recall that:

· in a digital system a voltage signal is either at a high level or low level and that these states are represented by 1 or 0 respectively

· a logic gate is a device with one output and several inputs and the output is either at a high level or a low level depending on the combination of input signals.
Candidates should be able to:

· demonstrate knowledge of AND, OR, NOT, NAND and NOR gates using the following symbols only
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· construct and interpret truth tables for each of the gates above

· use truth tables to determine the output of a combination of up to four of the above gates


e.g.
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· solve system problems, stated in words, using combinations of logic gates

· solve system problems which may have up to three separate inputs.
3.3.3
Sequential Logic

Candidates should be able to:

· describe the operation and use of a 4013 type D-type flip-flop

· explain the function of a D-type flip-flop as a data latch and as a frequency divider 

· recognise and draw simple timing diagrams for frequency dividers

· describe the operation and use of a 4017 type counter IC

· recognise and draw simple timing diagrams for 4017 type counters.

3.3.4
Astable and Monostable Generators

Candidates should be able to:

· use and explain the application of a 555 integrated circuit in  monostable and astable mode

· use the formulae for the 555 integrated circuit which relates time period to circuit values in both monostable and astable modes.

Candidates need to be able to use and manipulate the formula for time period.

In monostable mode

time period T =  1.1 R × C
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In astable mode,

time period 
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3.3.5
Analogue Signal Processors

Candidates should be able to:

· recall that analogue signals are those that vary with time, taking on all values between a maximum and a minimum

· recall that analogue circuits are those which handle analogue signals.
3.3.6
Analogue Subsystems


Candidate should be aware of:

· the use of the low power audio amplifier ICs

· the use of the op-amp comparators with various sensors.
3.3.7
The Audio Amplifier

Candidates should be able to:

· use the relationship
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· know that bandwidth is the range of frequencies over which the amplifier produces at least half of its rated output power

· describe the operation and use of an audio amplifier IC (low power types only such as LM380, LM386 or TBA820).

3.3.8
The Op-amp Comparator

Candidates should know that an operational amplifier has a very large input resistance, a low output resistance, a very large voltage gain and saturates at the supply voltages.

Candidates should be able to explain the function and use of the circuit below as a voltage comparator using a single rail supply.

A voltage comparator can be used as a one-bit analogue to digital converter.
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3.4
The Science of Components

This unit considers the components that candidates are likely to encounter in their course and examines the underlying scientific concepts.

3.4.1
Basic Principles

Candidates should be able to draw and interpret circuits using standard symbols for components (see Appendix G) in this specification.  

Candidates should know that:

· the unit of voltage is the volt, (V)

· the unit of current is the amp, (A)

· The unit of resistance is the ohm, (Ω).
Candidates should be able to use the facts that:

· the sum of the voltages in a series circuit is equal to the voltage across the whole circuit

· there is the same voltage across each component in a parallel circuit

· the current in a series circuit is the same everywhere in the circuit

· the sum of the currents entering a junction is the same as the sum of currents leaving the junction

· there may be a current passing through a component only when there is a voltage across it

· the resistance of a component or circuit is given by
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Candidates should be able to:

· calculate the effective resistance of up to four resistors in series

· calculate the effective resistance of two resistors in parallel

· explain the use and applications of a voltage divider

· calculate the output voltage of a voltage divider assuming a negligible load current

· explain the use and application of a pull up/pull down resistor.
Candidates should be able to:

· use the following formula to calculate power
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       and know that the unit of power is the watt, (W).

Candidates should know, and be able to use the fact that:

· the unit of frequency is hertz, (Hz)

· the unit of capacitance is the farad, (F).
Candidates should be able to:

· use the relationship peak value = 1.4 ( rms value for a sine wave

· sketch a voltage-time or current-time graph for a sine wave, indicating peak and period values

· use the relationship 
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3.4.2
Passive Components

Candidates should be able to:

· select components with appropriate power or current or voltage ratings for a given application

(Constructional details of the components specified in the specification will not be examined.)

· interpret the markings on a resistor using the colour code and BS1852 code to determine its value and tolerance

· select an appropriate preferred value from the E24 series of resistors

· interpret the markings on a capacitor (excluding colour code), to determine the capacitance, voltage rating, tolerance and polarity (where necessary)

· interpret the markings on a surface mounted resistor or a capacitor using the BS code

· select an appropriate component from a given list of alternatives

· explain the differences in application and use of polarised and non-polarised capacitors

· select and describe the use of an appropriate switch, e.g. reed switch, microswitch, toggle switch, tilt switch etc

· recognise and recall circuits which make use of the components given above.

Candidates should be able to state and use the fact that:

· a diode conducts in one direction only

· the forward voltage drop of a silicon diode is 0.7V.

Candidates should be able to:

· explain the meaning of the terms forward-bias and reverse-bias

· explain the use of diodes in rectification as half-wave and bridge full-wave rectifiers

· explain the use of a diode connected across a relay coil or motor as a device to protect the semiconductor driver from damage

· use a light emitting diode (LED) and calculate the value of an appropriate series resistor for the LED

· use the fact that a light-dependent resistor (LDR) has a very high resistance in the dark and that its resistance decreases as the illumination increases

· use the fact that a thermistor (ntc type) has a resistance that decreases as the temperature increases

· recognise and recall circuits which make use of the components given above.
3.4.3
Active Components

Candidates should know that:

· a bipolar transistor is a 3-lead device, the lead names being emitter, collector and base.  (Examination questions will be restricted to npn silicon transistors.)

· a MOSFET (Metal Oxide Semiconductor Field Effect Transistor) is a 3-lead device, the lead names being source, drain and gate.
(Examinations questions will be restricted to n-channel type devices.)
Candidates should be able to:

· explain how an npn transistor and an n-channel MOSFET can be used as switches after gates, counters etc., as drivers to deliver power to an output device, and put this into practice

· explain why a base resistor is needed for an npn transistor

· compare the advantages and disadvantages of a MOSFET with a bipolar transistor

· recognise and recall circuits which make use of the components given above.
3.4.4
Microcontrollers

Candidates should be able to:

· describe the use and application of microcontrollers

· know that a microcontroller is a programmable integrated circuit into which software can be loaded to carry out a range of different tasks

· describe and explain the effect of microcontrollers on society.
3.5.
Applications of Electronic Systems


Candidates should be aware of the use of electronics in audio entertainment systems.

3.5.1
Audio Systems

Candidates should be able to describe the function of each of the following subsystems of an audio entertainment system:

tuner

amplifier

microphone

loudspeakers

MP3, CD and DVD players and recorders.
3.5.2
Radio Systems

Candidates should be able to:

· draw and label the following block diagram of a simple radio receiver and explain how it works in terms of the functions of the subsystems
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· explain the meaning of the terms amplitude modulation (AM) and frequency modulation (FM)

· sketch a voltage-time graph for an amplitude modulated wave with relation to its carrier wave and the modulating signal

· sketch a voltage-time graph for a frequency modulated carrier wave with relation to its carrier wave and the modulating signal

· compare the relative merits of FM and AM systems

· explain the meaning of the terms sensitivity and selectivity.
3.6

Practical Skills and Processes

Practical work is an integral part of any course in electronics.  Candidates should have a range of practical experiences, the skills from which will be required in their controlled assessment.  Examiners are at liberty to deal with aspects of practical work in the written examination.

Candidates should be able to:

· recognise a component from its physical appearance
· use a catalogue or data sheet to select required components

· draw a layout of a given circuit containing no more than 10 components using prototype board and showing all connections clearly

· assemble a circuit following a circuit diagram

· select and use a range of test instruments (e.g. multimeter, oscilloscope and signal generator)

· identify simple faults in circuit diagrams and component layout.
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