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	Lesson 1: Fundamentals of matter and current flow
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply the principles of electricity, magnetism and electrical circuits

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1 
Fundamentals of matter and current flow
	Range: Atomic theory: atom, nucleus, electron, proton, neutron, valence, valence shell, ion, element, compound, molecule, mixture; energy: kinetic energy, potential energy, photons, electron orbits, energy levels, shells and sub-shells; current flow and voltage: electron flow, potential difference and voltage, direct current, alternating current, conductive materials, resistive materials, semi-conductor materials.
This is a tutor-led theory-based lesson covering the structure of the atom, particularly valence shells and their relevance to electrical properties of materials.  

Explain energy and energy levels.

Explain current flow with regard to movement of free electrons through different materials.

Outline the differences between AC and DC current.
Opportunity for applied learning
Discussion: The group should discuss conductors and insulators, and graduated change from one to the other.
Individual student activity: Learners should compare and contrast AC and DC current.
Group learning: Have the learners label a range of common atoms.
Group presentation: Learners should prepare a short presentation on current flow through selected materials.

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf R.C. and Bishop R.H, Modern Control systems (Pearson, 2008) ISBN 0-13-206710-2




	Lesson 2: Resistors and capacitors
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply the principles of electricity, magnetism and electrical circuits

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2 
Electrical components

Topic 1.5 
Circuit design and build
	Range: Learners should understand the fundamental principles behind the operation of the following groups of linear circuit components, relating each to the materials they are made, of, their physical construction and their contribution to circuit function. For each component the following should be taught: physical characteristics, operating characteristics, symbols, ratings, uses of typical types of the component, identification using colour codes. 

Components: resistors, capacitors.
Introduce the physical construction and characteristics of a resistor. Discuss different types, such as wire-wound and carbon-film. Introduce resistivity.

Introduce capacitor construction and characteristics. Detail different capacitor types and applications.
Opportunity for applied learning
Individual learning: Set resistivity and capacitance calculations.
Research task: Learners are to carry out research on resistor and capacitor types using suggested resources.
Circuit simulation: Basic R, C and RC circuits are to be simulated. Learners should compare the results with calculated values.
If time permits, simple breadboard builds of the above circuits could be attempted, and measured results compared with simulated results.

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102
Websites

https://www.circuitlab.com/



	Lesson 3: Inductors and semiconductors
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply the principles of electricity, magnetism and electrical circuits

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2 
Electrical components

Topic 1.5 
Circuit design and build
	Range: Learners should understand the fundamental principles behind the operation of the following groups of linear circuit components, relating each to the materials they are made from, their physical construction and their contribution to circuit function. 
For each component the following should be taught: physical characteristics, operating characteristics, symbols, ratings, uses of typical types of the component, identification using colour codes.  

Components: inductors, semiconductors

Introduce the physical construction and characteristics of an inductor. Detail its applications.
Introduce semiconductor construction and characteristics. Detail the doping process, perhaps using a video to illustrate it.
Opportunity for applied learning
Case study / gGroup work with presentations: The learners should research semiconductor manufacture and give a short presentation to demonstrate learning.
Circuit simulation: Simulate simple diode rectification circuits and comment on results. Look at half-wave and full-wave circuits. What are the applications of each type of rectifier? 

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102
Websites

https://www.circuitlab.com/
http://goo.gl/tNuLhA


	Lesson 4: DC circuits
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply the principles of electricity, magnetism and electrical circuits

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3 
DC and AC circuits and power sources

Topic 1.5 
Circuit design and build

	Range: Direct current: conductors and insulators, resistance, Ohm's Law, Kirchhoff's Laws, DC power supplies, DC circuits, DC amplifiers, DC circuit measurements.
Emphasise simulation and physical build and testing. Cover multimeter use to measure basic DC properties. Cover Ohm’s Law and attempt calculations. Compare calculations with simulated, real-world measurements. This method can then be repeated for the rest of the range.
Opportunity for applied learning
Calculate, simulate, build: To be carried out for Ohm’s Law and Kirchhoff’s Laws. 
Calculations: Carry out calculations involving Ohm’s Law and Kirchhoff’s Laws.
Circuit simulation: Simulate circuits and compare the results with calculated values. Circuits are to be built using a breadboard and measured results compared with calculations and simulated values.

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102
Websites

https://www.circuitlab.com/



	Lesson 5: AC circuits
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply the principles of electricity, magnetism and electrical circuits 

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3 
DC and AC circuits and power sources

Topic 1.5 
Circuit design and build
	Range: Alternating current: semiconductors, single-phase AC circuit theory, capacitance, permittivity, dielectric constant, inductance, impedance, transformers, RL, RC, LC circuits, three-phase AC theory, amplifiers, AC power supplies, AC and DC circuits, AC circuit measurements.
Outline semiconductors, rectification and power supplies.
Outline and demonstrate active components and their response to AC.
Discuss the advantages and disadvantages of three-phase AC.
Opportunity for applied learning
Calculations: Carry out AC calculations regarding Star-Delta conversion.
Calculations Demonstrate the effect of changing frequency on active components in RC, RL and RLC networks.
Previous circuits are to be simulated and the results compared with calculations.

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102
Websites

https://www.circuitlab.com/



	Lesson 6: Magnetism
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply the principles of electricity, magnetism and electrical circuits

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.4 
Electromagnetism
	Range: What do we mean by magnetism? What do we mean by electromagnetism? Fundamentals of electromagnetism: units, magnetic fields and their properties, electromagnetic induction, electromagnetic fluxes and flux linkages, Faraday’s Law, Fleming’s left- and right-hand rules.
Describe and investigate magnetic flux and flux density. 
Discuss the effects of moving the conductor in relation to the magnetic field. How can this be used to generate electrical energy? 
Outline electromagnetic induction and applications.
Opportunity for applied learning
Practical investigation: Learners are to carry out practical investigation into permanent magnets, for example using iron filings, flux identification or compass direction relative to a permanent magnet.
Basic electromagnetic induction is to be investigated. Moving a conductor in a magnetic field and passing current through a coil are two examples.

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102



	Lesson 7: Basic logic
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply the principles of digital electronics 

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1 

Number systems

Topic 2.2 

Logic gates and circuits

Topic 2.4 

Design and build
	Range: Fundamental concepts and use of number systems: binary, hexadecimal, octal, binary coded decimal (BCD), binary arithmetic, Boolean algebra, truth tables, Gray code, Karnaugh map; comparison between analogue and digital logic, basic logic gates, combinational logic circuits.
You must ensure that numbering systems are outlined. Discuss binary arithmetic and Boolean algebra and their application to logic systems. 

Identify different logic gates and generate truth tables.
Generate truth tables for combinational circuits.
Opportunity for applied learning
Individual student work: Carry out individual student work involving conversion of values between different numbering systems.
Circuit simulation: Simulate and build simple combinational logic circuits. 
Presentation: Small groups should prepare a presentation detailing the difference between simulated and real results. What problems can arise? (For example tying pins up / down, jitter.)

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102
Websites

http://logic.ly/demo/
http://goo.gl/Pr48eI



	Lesson 8: Logic gates and waveforms
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply the principles of digital electronics 

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1 

Number systems

Topic 2.2 

Logic gates and circuits

Topic 2.3 

Explain basic logic signal waveforms

Topic 2.4 

Design and build
	Range: Basic waveforms: logic waveforms, analogue logic signals, digital logic signals; logic timing, switches, relay, diode, transistor.
Analyse logic waveforms and discuss their relevance to logic systems. How can logic waveforms be used to help analyse the performance of a system?
Emphasise logic timings and the possible hazards of propagation delays and race hazards.

Describe the use of switches, especially debouncing in hardware.
Opportunity for applied learning
Practical design task: Learners are to design a three-way majority voting system. The system is to turn on an LED when two or more of three stations press a button.
They should construct a truth table and then generate a Boolean expression from this.
Simulate the voting system and check it for accuracy.
Build and test the voting system against the original specification.

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102
Websites

http://logic.ly/demo/
http://goo.gl/Pr48eI



	Lesson 9: Microcontroller introduction
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand microcontrollers and their applications

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1 

Technology, circuits and controllers
	Range: Microelectronics technology, micro-miniature circuits, microcontroller components: microprocessor, clock, memory (ROM and RAM), input / output ports, bus structure.
Explain the development of combinational logic systems to processor to microcontroller. Discuss advantages and disadvantages of microcontrollers over processor-based systems.
Give examples of minimal circuits using microcontrollers. Explain how cost-effective modern microcontrollers are compared with dedicated combinational logic.
Opportunity for applied learning
Learner activity: Learners are to produce a timeline of the development of combinational logic systems to processor to microcontroller.
Discussion: Discuss advantages and disadvantages of microcontrollers compared with processor-based systems.
Case study / Group work with presentations: Learners are to research and present on microcontroller applications and the advantages of microcontrollers in the electronics industry. These include, but are not limited to, low cost, ease of programming, range of Input / output capabilities.

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102
Websites

http://goo.gl/FfQLyj



	Lesson 10: Microcontroller control systems
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand microcontrollers and their applications

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2 

Control systems
	Range: Typical control systems layout, using: pen loop, closed loop; showing: input, error detection, processor, driver, output device, feedback; hard-wired and software-based control systems; input subsystems: analogue to digital converters (ADC), optical switches, slotted, reflective, shaft encoders (including a comparison), slotted disk, binary coded, Gray coded; output subsystems, digital to analogue converters (DAC), display types, stepper motors.
Explain the underlying principles of open- and closed-loop control systems. How can an open-loop system be modified with sensor feedback to be implemented as a closed-loop system?
Describe why hard-wired systems such as cube relays, timers and counters are being replaced by software-based control systems such as PLC.  
Define the function of a range of input and output components as described in the range. Demonstrate the operation of a selection of input and output components.
Opportunity for applied learning
Discussion: Discuss open- and closed-loop systems such as air-conditioning and climate control, or a toaster and an electric oven. Allow the group time to come up with their own examples by research or from experience.
Case study / Group work with presentations: Research and present two each of input and output components from a given range.

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102



	Lesson 11: Microcontroller practical applications
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand microcontrollers and their applications 

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.3 

Practical applications

	Range: Software, hardware, interfaces, examples of applications.
Research and discuss the range of microcontrollers in control applications. Identify how more powerful hardware can allow for easier-to-use software and improve the user interface.  
Describe how microcontrollers are used in individual sensor heads in a fire-detection system, and how this spread of intelligence can improve system performance while keeping cost to a minimum. 
Opportunity for applied learning
· Discussion: Discuss the range of microcontrollers in control applications.
· Case study / Group work with presentations: Research some typical examples of microcontroller systems in the control industry.

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102



	Lesson 12: Definition of terms
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply open and closed loop control in servo systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.5 
Meaning of terms and expressions
	Range: Learners should be able to explain the meaning of the following terms and expressions – what they are, and what they mean in a control system. They should know, for instance, what happens when a particular value, such as response time, is outside its acceptable limits – what does it actually cause the robot to do?  
System-block diagrams, reliability, repeatability, range (reproducibility), sensitivity, stability, response time, rise time, settling time, steady state, desired value, loading effects / errors, two-step control, continuous control, proportional band, dead band, off-set, hysteresis, proportional gain (Kp), derivative gain (Kd), integral gain (Ki).
Define control system terminology. Learners are to compile a glossary of terms. Deliver more abstract concepts yourself; other terms can be researched by the learners.
Opportunity for applied learning
Group work with presentations: Give each group terms to research; they should present the definitions of these terms to the rest of the class. 

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102
Websites

http://www.pacontrol.com/



	Lesson 13: Measurement systems and input peripherals
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply open- and closed-loop control in servo systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1 
Measurement systems

Topic 4.2 
Input transducers

Topic 4.8 
Building and analysing circuits
	Range: Requirements include: reliability, repeatability, range (reproducibility), sensitivity, stability, response time, rise time, settling time, steady state, desired value, loading effects / errors; true value inputs: measurement system, measured value of variable output; voltage to voltage; voltage to current; frequency to voltage; resistance to voltage; output analysis: input signals, stepped, ramped, sinusoidal measuring equipment, PC-based data logger, storage scope; build and analysis of circuits: configure inputs, analysis of outputs, simulated analysis, system tuning using tables / charts.
Define the terminology behind measurement systems and outline applications in the real world; typical applications include temperature and flow control in the petrochemical industry or a wide range of input sensors in the food industry.
Describe types of common measurement systems. This could include a further breakdown of the applications above.
Opportunity for applied learning
Building measurement systems: Build and analyse common measurement systems. How can an LDR be used to turn on a LED at a predetermined level using a transistor or Darlington pair?

An example of a control circuit could be a simple comparator using an op amp to detect light levels. A second circuit using an op amp with negative feedback could then be developed to control light output level so that output increases proportionally as light level falls.

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102



	Lesson 14: Signal conditioning
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply open- and closed-loop control in servo systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.3 
Signal conditioning

Topic 4.4 
Damping

Topic 4.8 
Building and analysing circuits

	Range: Circuit arrangements and operation, transducer action, analogue input interfaces, digital input interfaces, signal conditioning circuits, calibration procedures; under-damped; over-damped; critical damping.
Describe signal conditioning and damping circuits in detail. What is the purpose of damping circuits, and can this function be achieved in software as effectively as it can in hardware?

Compare and contrast analogue and digital systems for control and measurement. Explain why more modern systems are becoming predominantly digital.
Opportunity for applied learning
Circuit simulation: Learners are to simulate and build control circuits, and analyse and compare results. The previous example for light level could be expanded on to show the effect of damping to stabilise the system when exposed to outside disturbances such as rapid transient light level changes. 

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102



	Lesson 15: PID systems in control
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply open- and closed-loop control in servo systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.6 
Formulae for deriving controller output

Topic 4.7 
Definitions of integral and derivative control

	Range: Controller output = Kp (error + Ki x integral of error + Kd x derivative of error), output = kp(e+ki∫e + kd de/dt); ‘integral control is a controller output that is proportional to the integral to the error with respect to time’; ‘derivative control is a controller output that is proportional to the rate of change of the error with respect to time’.
Explain PID systems and their proliferation throughout the industry. 

Start a class discussion about how control systems have developed from on–off control to PID control via proportional and proportional-integral systems.
Opportunity for applied learning
PID systems online simulation: An Excel sheet is available that allows simulation of proportional, proportional-integral and proportional-integral derivative to be investigated.

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102
Websites

http://goo.gl/utpRAA


	Lesson 16: Sensors
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use sensors and transducers in control and robotic systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.1 
Types of sensor and their application

Topic 5.5 
Building a control system

	Range: Applications: measuring machine parameters for robot control loops, determining the position of objects in 3D space, adjusting the robot control for the environment, detecting and preventing failures, detecting and avoiding collisions, monitoring the interaction with the environment, monitoring the environmental changes / temperature, inspecting the final product. 

Interpret and use technical information contained in manufacturers’ data sheets relating to thermocouples: zero, range, span, junction compensation, type; Pt100 devices: zero, range, span; proximity sensors: types: inductive, capacitive, optical; information: sensing range, material tuning, required output (sink source), switching capability, banking capability, tacho-generators; devices: resolvers, encoders; information: setting volts / rpm, setting of volts / mm, setting of data sequence.
Differential pressure devices: turbine, strain gauge, piezo electric, ultrasonic; information: resistive bridge trimming, trimming of volts / seconds, trimming of power level.
Classification of sensors: digital, analogue, safety , internal and external.
Outline a full range of sensors and their applications.  
Why are there so many different sensors available, and what are the advantages and disadvantages of such a wide range of sensors for a given application? Compare and contrast real sensors and their specifications.
Opportunity for applied learning
Sensor task: Compare and contrast a range of sensors for a particular task. Select a sensor from a range of devices for a given task. Consider size, cost and quality. The LDR used in the previous task could be used as an example.
Further sensor circuits could be built or simulated.
	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102
Websites

https://www.circuitlab.com/



	Lesson 17: Actuators
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use sensors and transducers in control and robotic systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.2 
Types of actuator and their connections

Topic 5.5 
Building a control system
	Range: Learners should be confident in explaining how common types of electrical and pneumatic actuator function, their limitations, and how they are calibrated: function and action calibration, proportional valves, trimming of input signals, span, zero, servo motors, setting of absolute datum optical sensor / drive to stall, deriving maximum holding torque.
Learners should explore the transducer types and how they are connected. They should be confident enough to be able to quickly suggest the most suitable sensor / transducer for a particular application and to explain their decision; common connection types used with transducers; digital sensors: limit switch, proximity switch, photo-electric switch, Hall effect switch, float switch, ultrasonic switch; analogue sensors: temperature sensor, flow switch, load cell, laser, pressure transducer, vision system; safety sensors: gate plug, light curtain, safety mat; internal and external sensors: internal: potentiometer, LVDTs, synchros, resolvers, optical encoders, load cells, photoelectric; external: proximity, limit switch, optical systems, Hall effect switch, ultrasonic switch.
Define what is an actuator and how does it convert energy into actions. Outline properties of different actuators and their applications.

Demonstrate actuators in use and how transducers are used to help control them. The demonstration could be practical, or via a video clip. Compare and contrast digital and analogue transducers.
Opportunity for applied learning
Video: Show the YouTube clip explaining what actuators are.
Group presentation: Learners are to research and present findings on the construction and operation of two from a selection of different actuators.

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102
Websites
http://goo.gl/lhxc5r


	Lesson 18: Proximity switches and power supplies
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use sensors and transducers in control and robotic systems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 5.3 
Connecting proximity switches

Topic 5.4 
Sensor power supplies

Topic 5.5 
Building a control system
	Range: Proximity switch connection types: two-wire DC and AC – normally open (NO) contact, normally closed (NC) contact, grounding connections, residual load current three-wire DC – transistor switched outputs (NPN & PNP types), normally open, normally closed four-wire DC – transistor switched outputs (NPN & PNP types), normally open / closed, external to a controller.
Additional measures for circuits that operate in areas of high radio frequency interference, and electromagnetic interference (RFI/EMI): screening, short cable lengths, segregation of data and power conductors, power supply filtering, limit error signals at source.
Connection of devices to proximity sensors: devices: controllers, relays, display elements; considerations: current consumption, load resistance, sensor current.
Types of supply, sources of supply, considerations: switch-on spikes, supply voltage ripple, stabilisation.
Define proximity switch connection methodology: application of NO and NC when driving relays; use of transistor switches for digital systems. Demonstrate practical applications of screening and the importance of screening correctly.

Describe alternative methods of noise reduction, such as filtering of frequencies outside signal range, and data correction methods.

Recap the previous session’s work on proximity switch connection.
Describe different methods of power supply construction.  Compare and contrast alternative methods, particularly detailing cost limitations in practical systems.
Opportunity for applied learning
Group research / presentation: Analyse control power supplies. Compare and contrast alternative methods of construction with regard to size, cost and maintenance; make a presentation. 
	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102
Websites
https://www.circuitlab.com/



	Lesson 19: Instrumentation principles
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the basic principles of industrial instrumentation

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 6.1 

Instrumentation principles

	Range: Basics of instrumentation, analogue techniques, digital techniques, drives and controls, photonics and instrumentation
Emphasise links between instrumentation and control systems already covered.
Compare and contrast analogue and digital techniques, with particular regard to advances in digital signal processing techniques and the steady move towards digital systems.
Outline drives and controls in modern instrumentation. How can the concepts of control theory already covered be applied to drive systems?
Define photonic systems and describe common applications.
Opportunity for applied learning
Quiz: Recap previous sessions on control with a short quiz. The questions could be new, or they could be questions previously used to gauge retention.
Independent research: How are photonics implemented in modern control systems?

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102



	Lesson 20: Test and measurement
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the basic principles of industrial instrumentation

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 6.2 

Circuit measurement and test
	Range: Basic electrical and electronic circuit testing and evaluation, measuring equipment.
Outline the need for circuit testing.
Explain the advantages to the modern technician that arise from low-cost high-performance portable test equipment. What advantages are there to be had from a portable oscilloscope over a multimeter, for example?
Describe circuit testing methods. Describe test equipment along with suitability, ie when to use a multimeter and when to use an oscilloscope.
Describe analysis of test results. Describe common testing methods, eg the half split rule.
Where can reliable information on ideal system performance be obtained? Describe how good a source the Internet is.
Opportunity for applied learning
Case study: Individual learners are to demonstrate the application of the half split rule to a faulty system. The scenario could be hypothetical, or practical if suitable equipment is available.
Discussion: How good a source of reference is the Internet? Should we only trust manufacturers’ data?
Case study / Group work with presentations: A range of test equipment with specifications is to be listed, and the groups are to discuss what equipment would best suit a range of tests to be carried out. Remember, there may not be a perfect answer, so groups can discuss their own choices.

	Books

Bird, J. – Electrical and Electronic Principles and Technology (Newnes, 2007)

ISBN 9780750685566

Dorf, R.C and Bishop, R.H. – Modern Control Systems (Pearson, 2008) 
ISBN 0132067102





